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Environment-associated human health problems are
getting worldwide attention with the extension of human
society. Antibiotics are abused to protect the health of
humans and animals that may accelerate the development
of antibiotic resistance genes (ARGs) and antibiotic-
resistant microorganisms (ARMs) which shade health risks
to humans. A wide variety of ARGs have been found in
microorganisms distributed in the environment. Heavy
metal contamination represents a long-standing selection
pressure on the maintenance and spread of ARGs, with
both environmental and clinical importance. Therefore,
heavy metals have also led to their own concerns over
their risks on human health and the environment. In this
special issue, we intend to report research studies that
focus on adverse effects of antibiotics and heavy metals
on the environment and human health and meta-analysis,
medicines, and technologies that improve human health.
The purpose of this special issue is to report the recent
progress of those fields. A brief summary of all accepted
papers is provided below.

The paper by Wang et al. reported that metformin signif-
icantly improved high blood pressure, proteinuria, and the
foetal and placental weights in the HF-M group compared
with the HF group. Metformin significantly improved pla-
cental labyrinth and foetal vascular development in pre-
eclampsia. In addition, metformin effectively increased
matrix metalloproteinase-2 (MMP-2) and vascular endothe-
lial growth factor (VEGF) levels in the placenta.

The paper by Zhang et al. reported that HER2+BC
patients showed improvement in pCR and DFS after neoad-

juvant trastuzumab treatment. Patients without pCR had
prolonged DFS after trastuzumab maintenance.

The paper by Asha et al. reported an increased abun-
dance of antibiotic resistance genes in the kidney transplant
subjects. The antibiotic resistance genes identified in the
transplant subjects were predominantly composed of multi-
drug efflux pumps (MDEPs) which are evolutionarily
ancient, are commonly encoded on chromosomes rather
than plasmids, and have a low rate of mutation. Since the
MDEPs had a low abundance in the healthy subjects, the
MDEPs may enhance the fitness of bacteria to survive in
the high-stress environment of transplantation that includes
multiple stressors including surgery, antibiotics, and immu-
nosuppressive agents.

The paper by Hao et al. found that cardiac contractility
modulation (CCM) could elicit positive effects on heart fail-
ure (HF) therapy, which was potentially due to the variation
in the Pi3k/Akt signaling pathway.

The paper by Guo et al. reported a heavy metal removal
process that was optimised by orthogonal experiment with
dynamic and static adsorption modes. The method can be
used to satisfy the high efficiency of selective removal of
harmful elements in Acanthopanax senticosus extract and
the effective composition of almost no effect, it can be
recommended for pretreatment of heavy metals in tradi-
tional Chinese medicine extracts, and this way provides a
new thought and research technique to decrease the contents
of heavy metals.

The paper by Su et al. found that LESS surgery with
conventional laparoscopic instruments is feasible and safe
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compared with traditional laparoscopy, but postoperative
exhaust time is longer than the control group.

The paper by Fang et al. reported that the quality control
circle activities played a significant role in promoting the use
of rubber dams in the root canal treatment of primary teeth,
and it can be used as a method to promote new clinical treat-
ment programs.

The paper by Chen et al. reported that free flap transfer is
an ideal method for the reconstruction of large, complicated
scalp defects with a one-stage operation. The anterolateral
thigh flap is favored because of its durability, adjustability,
water tightness, and infection prevention.
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Background. Trastuzumab has been introduced a decade ago and demonstrated improvement in the prognosis in patients with
human epidermal growth factor receptor 2- (HER2-) positive (+) breast carcinoma (BC). This study is aimed at evaluating the
efficacy of epirubicin/cyclophosphamide with weekly paclitaxel-trastuzumab as neoadjuvant chemotherapies in HER2+ BC
patients. Methods. A total of 234 HER2+ BC patients were given neoadjuvant chemotherapy (NAC) between 2010 and 2016.
The primary endpoints were pathologic complete response (pCR) and disease-free survival (DFS). Univariate and multivariate
analyses of clinical and pathological factors associated with pCR and DFS were conducted. Results. The pCR (30.4% vs.
14.8%; P = 0:004) and DFS (P = 0:036) showed significant differences between patients administered with neoadjuvant
trastuzumab therapy and those who did not. Multivariate logistic regression analysis showed that neoadjuvant trastuzumab
treatment was regarded as an independent predictor of pCR. Patients with pCR had prolonged DFS (P = 0:025). In patients
who did not achieve pCR (non-pCR), those who received trastuzumab had more prolonged DFS (P = 0:046). The luminal
B/HER2+ subtypes had prolonged DFS when compared with nonluminal B/HER2+ subtypes (P = 0:010). The luminal
B/HER2+ subgroup also showed improved DFS in non-pCR patients (P = 0:010). In the subgroup of non-pCR, the luminal
B/HER2+ subgroup administered with trastuzumab showed no superior DFS (P = 0:168). However, a positive result was
observed in patients without trastuzumab (P = 0:039). Multivariate analysis showed cT stage (P = 0:006) and tumor grade
(P = 0:041), considering them as significant prognostic factors of DFS. Conclusions. HER2+ BC patients showed improvement
in pCR and DFS after neoadjuvant trastuzumab treatment. Patients without pCR had prolonged DFS after trastuzumab
maintenance. Although the prognosis of luminal B/HER2+ BC showed favorable outcomes in the non-pCR subgroup, those
receiving trastuzumab showed no survival advantage.

1. Introduction

Breast carcinoma (BC) is the most commonly encountered
malignancy in women and the leading cause of mortality in
female patients [1]. The human epidermal growth factor
receptor 2 (HER2) is overexpressed in 25% to 30% of patients
with BC, and this is associated with elevated malignancy
potential [2, 3]. Trastuzumab, a humanized monoclonal anti-

body that targets HER2 by binding to its extracellular domain
as a single agent, demonstrated modest antitumor activities.
It is used for treating both metastatic and early-stage HER2
+ BC with high efficacy [4–6]. Randomized studies reported
similar survival benefits for particular treatment regimens,
regardless of whether the treatment is preoperatively or post-
operatively administered. Neoadjuvant chemotherapy
(NAC) for early and locally advanced BC is broadly
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employed to downstage the primary lesion, allowing a higher
rate of breast preservation [7, 8]. In addition, it can be used
for testing chemosensitivity in vivo, making it possible to
assess the efficacy of early systemic therapy and to stop
ineffective treatment. The achievement of pathologic com-
plete response (pCR) upon NAC is considered an important
surrogate marker to improve the long-term outcomes [8, 9].
It is hypothesized that a regimen that produces higher pCR
rates in a neoadjuvant systemic therapy setting also ensues
higher rates of long-term cure. Recently, phase II and III
clinical studies have intensely assessed the combination of
trastuzumab and NAC as neoadjuvant systemic therapy for
early and locally advanced HER2+ BC, respectively [10–12].
Also, recent studies showed that NAC when combined with
trastuzumab assists in achieving significantly higher pCR
rates than NAC alone [10, 11, 13]. Trastuzumab-based ther-
apy has been used over the past decade and demonstrated a
favorable impact on survival when compared with the same
chemotherapy alone as therapy [14]. For HER2+ BC patients
who require neoadjuvant therapy, trastuzumab is generally
added to chemotherapy, and the patient receives adjuvant
trastuzumab for 1 year.

However, whether the results of randomized con-
trolled trials (RCTs) are applicable to the real-world cases
is one of the major issues. The present work is aimed at
assessing NAC with epirubicin/cyclophosphamide (EC)
and paclitaxel-trastuzumab (PH) in HER2+ BC patients.
The study also explored whether the effectiveness of neoadju-
vant trastuzumab in association with NAC in the real-world
treatment of patients with HER2+ BC was comparable to that
observed in RCTs.

2. Materials and Methods

2.1. Patient Population. In this study, 234 cases with operable
or locally advanced HER2+ BC who underwent treatment at
our hospital between 2010 and 2016 were analyzed. All
patients underwent a core biopsy before receiving NAC,
followed by surgery or radiotherapy. Before initiating the
therapy, all patients underwent staging evaluation, which
included a complete history check, physical examination,
computed tomography (CT) scan of the chest and liver,
and bone scan. Mammography of both breasts was per-
formed, and additional breast and axillary assessment of the
tumor site was done by ultrasound. This trial had approval
from the Research and Ethics Committee of our hospital,
and informed consent was obtained from all patients.

2.2. Treatments. All patients were confirmed with the
diagnosis of invasive BC by biopsy before NAC, including
breast ultrasonography, breast mammography, and breast
magnetic resonance imaging (MRI) to confirm the tumor
size; fine needle aspiration was performed to assess metasta-
sis to axillary lymph nodes and chest ultrasonography,
abdominal CT, and whole-body bone scan to exclude distant
metastases. Patient treatment was based on the National
Comprehensive Cancer Network guidelines. Furthermore,
92 patients received dose-dense epirubicin/cyclophospha-
mide and paclitaxel-trastuzumab (EC-PH) and 142 were

administered with dose-dense EC-P NAC. EC-PH consisted
of four cycles of EC (epirubicin/cyclophosphamide
(90/600mg/m2)) on day 1 treatment, administered at 2-
week intervals, and paclitaxel (80mg/m2) once a week for
12 weeks. Trastuzumab 4mg/kg (loading dose) was adminis-
tered on day 1 and 2mg/kg per week for 12 weeks (NAC
duration). Also, 92 patients completed trastuzumab therapy
for a year. The patients underwent surgery at 1–4 weeks
upon NAC completion. Surgical intervention included
breast-conserving operation, mastectomy and sentinel
node biopsy, or axillary lymph node dissection. Radiation
therapy was administered in case of breast-conserving sur-
gery or locally advanced disease. Patients with hormone
receptor-positive (HR+) cancer received adjuvant endo-
crine therapy for 5 years.

2.3. Pathological Assessment. Immunohistochemical (IHC)
assessment of human epidermal growth factor receptor 2
(HER2), estrogen receptor (ER), and progesterone receptor
(PR) was conducted on pretreatment biopsies and surgi-
cal specimens by pathologists. Through IHC detection,
HER23+ was considered positive, and 0-1+ was consid-
ered negative; 2+ required verification through fluores-
cence in situ hybridization (FISH), in which 2.2 gene
copies (per FISH) were considered positive for HER2
amplification. Nuclear staining ≥ 1% of ER or PR was
deemed to be positive. For Ki-67, the positive cells dem-
onstrated light yellow to brown nuclei under 400x light
microscopy in 10 randomly selected fields. A total of
500 cells were counted in each field, and the ratio of
Ki-67-positive cells to total cells was calculated. A pCR
was defined as the absence of invasive residual breast
tumor or invasive lesion in ipsilateral axillary nodes
(ypT0 ypN0).

2.4. Follow-Up. From day 1 after surgery, all patients were
followed up till March 2018, with the follow-up information
obtained through outpatient interviews or telephone calls.
Disease-free survival (DFS) was determined from day 1 after
surgery to the first local relapse.

2.5. Statistical Analysis. The association of clinical character-
istics with pCR was determined by Pearson’s χ2 or Fisher’s
exact test. Univariate analysis was performed, and parame-
ters showing significant associations entered the multivari-
ate logistic models. Multivariate analysis used an
unconditional stepwise logistic regression approach. Uni-
variate/multivariate survival analyses were performed using
the Cox regression model. The interactions between signif-
icant investigation variables were considered when develop-
ing the multivariate model. DFS estimation was carried out
by Kaplan–Meier analysis, and the log-rank test was used to
compare the groups. P < 0:05 was considered to be statisti-
cally significant. All statistical analyses were performed
using SPSS Statistic software 19.

3. Results

3.1. Clinical Characteristics and Response to NAC. FromApril
2011 to August 2017, 234 patients with HER2+ BC who
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underwent surgery were given neoadjuvant trastuzumab
combined with dose-dense EC-P. The median age of the
patients was 50 years, ranging from 27 to 75 years. A total
of 160 patients had T1–T2 tumors (69.2%), and 108 had
lymph node metastasis (46.2%). Associations of baseline
patient features and therapeutic indexes with pCR in univar-
iate analysis are reported in Table 1. All cases had highly pro-
liferative invasive ductal carcinoma (in which 46.6% showing
Ki‐67 > 30%). Tumor grades were 1–2 in 53 (22.6%) and 3 in
181 (77.4%) cases. The luminal B/HER2+ (HER2+/ER+
and/or PR+) and nonluminal B/HER2+ (HER2+/ER– and
PR–) subtypes were involved in 127 (54.3%) and 107
(45.7%) patients, respectively. The residual invasive breast
lesions were found in 185 (79.1%) patients and residual non-
invasive tumors in 49 (20.9%) patients. The pCR rate was
increased in patients who were given neoadjuvant trastuzu-
mab therapy (P < 0:05) (Table 1). Multivariate logistic
regression analysis revealed that the use of trastuzumab inde-
pendently predicted pCR (Table 2).

3.2. Patient Survival. The median follow-up was 32.9 months
(range, 5–82 months), and the mean DFS was 32 months. In
this study, 25/234 (10.7%) cases showed local relapse or dis-
tant metastases. In Kaplan–Meier analysis, survival showed
marked differences between cases administered with trastu-
zumab and the remaining patients (P = 0:036, Figure 1).
Multivariate logistic regression analysis revealed neoadjuvant
trastuzumab administration (P = 0:004) as an independent
predictive factor for pCR (P = 0:004, Table 2). Meanwhile,
cases with pCR had prolonged DFS (P = 0:025, Figure 2).
Among those who did not achieve pCR, patients adminis-
tered with trastuzumab more likely showed a prolonged
DFS (P = 0:046, Figure 3). However, a positive result was
not observed in patients with pCR (Figure 4). Moreover,
patients with luminal B/HER2+ had improved DFS
(P = 0:010) than those with nonluminal B/HER2+
(Figure 5). The luminal B/HER2+ subtype also showed
improvement in the DFS rates in non-pCR cases (P = 0:010,
Figure 6). In subgroup analyses, patients with luminal
B/HER2+ with trastuzumab administration showed no pro-
longed DFS in non-pCR cases (P = 0:168, Figure 7). How-
ever, a positive result was observed in patients without
trastuzumab (P = 0:039, Figure 8). Multivariate analysis
revealed cT stage (hazard ratio = 3:80, 95% CI 1.46–9.89;
P = 0:006) and tumor grade (hazard ratio = 5:17, 95% CI
1.07–24.96; P = 0:041) as independent predictive factors
for DFS in patients with BC (Table 3).

4. Discussion

Recent studies have focused on the relative value of RCTs to
help make a routine clinical decision, as they are the major
endpoints of comparative effectiveness research [15, 16].
Although findings of RCTs largely determine the comparison
among treatment groups, case selection criteria and the rigid-
ity of protocols do not allow changes easily in dose and tox-
icity management, making these findings not generalizable
to the patient level [17]. Whether the results of these RCTs
are applicable to real-world cases and whether patients can

afford these drugs for some special reasons are major issues.
Due to economic reasons, especially in resource-limited
regions, many patients with HER2+ less likely received
trastuzumab-containing treatment. In 2017, the cost of tras-
tuzumab was substantially reduced in China, making it feasi-
ble for most of the patients to afford the drug. Accordingly,
observational retrospective trials are considered important
sources of data on the effectiveness of alternative therapies
based on patient and tumor properties. Therefore, the pres-
ent work is aimed at reporting the effectiveness of neoadju-
vant trastuzumab with dose-dense EC-P in 234 cases with
operable or locally advanced HER2+ BC. This novel retro-
spective study compared the effectiveness of EC-PH and

Table 1: Associations of clinical characteristics with pCR in
univariate analysis.

Non-pCR
(n = 185)

pCR
(n = 49) P value

n % n %

Age (year) 0.182

≤35 24 13.0 3 6.1

>35 161 87.0 46 93.9

Menopausal status 0.527

Premenopausal 100 54.1 24 49.0

Postmenopausal 85 45.9 25 51.0

cT stage 0.389

cT1–2 124 67.0 36 73.5

cT3–4 61 33.0 13 26.5

cN stage 0.07

cN0 94 50.8 32 65.3

cN1–3 91 49.2 17 34.7

Grade 0.729

G1–2 41 22.2 12 24.5

G3 144 77.8 37 75.5

ER 0.472

Positive 105 56.8 25 51.0

Negative 80 43.2 24 49.0

PR 0.949

Positive 84 45.4 22 44.9

Negative 101 54.6 27 55.1

HR 0.854

Positive 82 44.3 21 42.9

Negative 103 55.7 28 57.1

Ki-67 0.791

>30% 87 47.0 22 44.9

≤30% 98 53.0 27 55.1

Molecular subtype 0.607

Luminal B/HER2+ 102 55.1 25 51.0

Nonluminal/HER2+ 83 44.9 24 49.0

Trastuzumab 0.004

Yes 64 34.6 28 57.1

No 121 65.4 21 42.9
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EC-P in HER2+ BC patients. The results showed that (1)
pCR was achieved in 30.4% and 14.8% of patients with
and without neoadjuvant trastuzumab treatment, respec-
tively; (2) patients with pCR had prolonged DFS; (3) neo-
adjuvant trastuzumab treatment independently predicted
pCR and showed association with improved DFS in all
patients and the non-pCR subgroup; (4) the luminal
B/HER2+ subtype showed superior DFS in all patients
and the non-pCR subgroup; (5) in the non-pCR subgroup,
the luminal B/HER2+ subtype without neoadjuvant trastu-
zumab treatment showed superior DFS; and (6) cT stage
and tumor grade were considered independent prognostic
factors of DFS.

As expected, the results of this study confirmed that
administration of trastuzumab and NAC resulted in elevated
pCR rate (30.4%) when compared with the NAC-alone group

Table 2: Predictive factors of pCR according to the multivariate logistic regression model.

Univariate Multivariate
OR 95% CI P value OR 95% CI P value

Age (year) 0.193 0.189

≤35 1.000 1.000

>35 2.286 0.659–7.931 2.438 0.645–9.209

Menopausal status 0.527 0.727

Premenopausal 1.000 1.000

Postmenopausal 1.225 0.652–2.303 1.130 0.570–2.237

cT stage 0.39 0.900

cT1–2 1.000 1.000

cT3–4 0.734 0.363–1.485 0.951 0.436–2.075

cN stage 0.073 0.324

cN0 1.000 1.000

cN1–3 0.549 0.285–1.057 0.698 0.342–1.425

Grade 0.729 0.453

G1–2 1.000 1.000

G3 0.878 0.420–1.836 0.738 0.334–1.631

ER 0.473 0.311

Positive 1.000 1.000

Negative 1.260 0.670–2.368 2.415 0.439–13.279

PR 0.949 0.931

Positive 1.000 1.000

Negative 1.021 00.542–1.922 0.886 0.057–13.698

HR 0.854 0.906

Positive 1.000 1.000

Negative 1.061 0.562–2.005 0.843 0.050–14.302

Ki-67 0.791 0.884

>30% 1.000 1.000

≤30% 1.090 0.579–2.051 1.051 0.538–2.054

Molecular subtype 0.607 0.590

Luminal B/HER2+ 1.000 1.000

Nonluminal/HER2+ 1.180 0.628–2.216 0.610 0.101–3.678

Trastuzumab 0.005 0.004

Yes 1.000 1.000

No 0.397 0.209–0.754 0.361 0.180–0.725

Trastuzumab (n = 92)
No trastuzumab (n = 142)
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P = 0.036

Figure 1: Association of trastuzumab use with DFS.

4 BioMed Research International



(14.8%). The previously published pCR rates for NAC and
trastuzumab ranged between 32% and 66% [10, 11, 18].
The reasons for the lower rate in this study might be due to
its retrospective design and small sample size. In addition,
there were more cases with luminal B/HER2+ than the non-
luminal B/HER2+ counterpart. Multiple clinical studies have
reported marked elevation in the pCR rate in the nonluminal

B/HER2+ molecular subtype when compared with the lumi-
nal B/HER2+ molecular subtype [19–21]. More importantly,
multivariate analysis also revealed the use of trastuzumab as
an independent predictor of pCR. Therefore, trastuzumab
plus NAC increased the pCR rate. Recently, many pivotal
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Figure 2: DFS in patients with pCR and non-pCR.
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Figure 3: Association of trastuzumab use with DFS in non-pCR
patients.
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Figure 4: Association of trastuzumab use with DFS in pCR patients.
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Figure 5: DFS curves in luminal B/HER2+ and nonluminal
B/HER2+ patients.
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Figure 6: DFS curves of luminal B/HER2+ and nonluminal
B/HER2+ patients in non-pCR patients.
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Figure 7: DFS curves of luminal B/HER2+ and nonluminal
B/HER2+ patients in non-pCR patients administered with
trastuzumab.
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RCTs have confirmed the efficacy and safety of trastuzu-
mab/NAC combination therapy in early and locally
advanced HER2+ BC patients [10–12]. This study also
revealed that the patients who were treated with trastuzumab
plus NAC had prolonged DFS. These results confirmed that
the eligibility criteria and treatment outcomes of clinical tri-
als could be translated to the real-world setting.

The most recent view is that luminal B/HER2+ BC
represents a distinct subgroup with lower chemotherapy
sensitivity and better outcomes when compared with HR-/
HER2+ disease [19, 22–24]. In the present study, DFS in
the luminal B/HER2+ subtype was better than that in the
nonluminal/HER2+ subtype. Moreover, positive results were
observed in the non-pCR subgroup. This was due to the use
of adjuvant endocrine therapy for patients with the luminal
B/HER2+ subtype, which reduced the risk of recurrence. In
subgroup analysis, superior DFS was observed in patients
with the luminal B/HER2+ subtype without trastuzumab
who did not achieve pCR. However, a negative result was
observed in patients who had trastuzumab. The role of hor-
mone receptor (HR) status in predicting pCR and prognosis
upon trastuzumab-containing NAC administration is sub-
jected to debate, although most of the trials reported positive
results. Based on the previous reports, the absence of HR rep-
resents a critical predictive factor in pCR and a reliable prog-
nostic index [20–24]. However, a crosstalk is believed to
occur between the HER2 and ER pathways in ER+/HER2+
patients, while estrogen-independent ER signaling dominates
the classical estrogen-dependent ER signaling pathway
[25, 26]. The fact that the upregulation of ER expression
and/or activity functions as an escape mechanism, leading
to resistance to anti-HER2 treatment in HER2+ and HR+ BC
patients [27]. Preclinical studies have shown that ER+ and
HER2+ BC cell lines are initially sensitive to lapatinib. After
gaining resistance to lapatinib, ER signaling showed signifi-
cant enhancement, and the resistance can be prevented by
simultaneous inhibition of HER2 and ER signals [28, 29].
Researchers have found that the ER functions play a key role
in escaping/survival pathway of HER2+/ER+ cells under sus-
tained HER2 inhibition and that a dynamic transition
between HER2 and ER activity plays a role in resistance to

regimens containing lapatinib [30]. In addition, recent find-
ings have revealed that PIK3CA-mutated HER2+ BC
patients less likely achieved pCR and prolonged DFS upon
neoadjuvant anthracycline-taxane chemotherapy when com-
bined with anti-HER2 treatment, and this might explain such
discrepancy [31, 32]. Activation of the PI3K/AKT/mTOR
signaling pathway is related to oncogenesis and tumor pro-
gression and resistance to standard anticancer therapies
[33, 34]. The PIK3CA gene that regulates PI3K is one of the
most frequently mutated genes in human cancers. Abnormal
activation of the PI3K pathway is frequently observed in BC,
resulting in uncontrolled tumor cell growth and drug resis-
tance [35]. HER2+ BC carrying PIK3CA mutations is partic-
ularly dependent on the PI3K signaling pathway, and it has
been shown that activation of this pathway plays a key role
in developing resistance to trastuzumab [33, 36].

Whether pCR represents a surrogate marker of DFS
and overall survival (OS) in HER2+ BC patients remains
to be a largely controversial topic. The present study
revealed that patients who achieved pCR had prolonged
DFS. Meta-analysis of 6377 cases with primary BC
administered with neoadjuvant anthracycline-taxane in 7
randomized studies revealed pCR as a valid substitute of
DFS and OS in HER2+ subtypes [37]. In addition, three
multicenter retrospective studies on HER2+ BC who
underwent treatment with NAC and trastuzumab showed
pCR as a surrogate marker for DFS in HR-BC, but the
results of the HR+ group were negative [9, 38, 39].
However, researchers confirmed the level of evidence
available for supporting a relationship between pCR and
OS [40, 41]. Therefore, pCR still cannot be used as a sur-
rogate marker for long-term survival. Subgroup analysis
of the present data revealed that trastuzumab use in cases
who achieved pCR did not result in favorable survival
outcomes. However, our study found that patients who
underwent treatment with trastuzumab plus NAC had
good DFS for non-pCR responders, indicating that
patients who did not achieve pCR should be treated with
trastuzumab. To date, phase II and III trials have not
been conducted to explore trastuzumab use following
trastuzumab plus NAC administration preoperatively in
cases who did not achieve pCR. The efficacy of anti-
HER2 agents in non-pCR responders also remained con-
troversial [42]. The present study results revealed that
these patients gained benefits from using trastuzumab
maintenance, although they are less likely to respond to
trastuzumab plus NAC.

Multivariate analysis revealed cT stage and tumor grade
as significant independent prognostic factors of pCR, which
was consistent with the previous studies [9, 39]. The present
study was limited due to its relatively small sample size, short
follow-up period, and single-institution design. These
patients should be followed up in the future to observe the
long-term outcomes, and sample size should be enlarged to
confirm the current results.

In conclusion, trastuzumab improved the prognosis of
patients with HER2+ BC. NAC plus trastuzumab resulted
in elevated pCR rate in HER2+ BC patients. The non-pCR
cases upon neoadjuvant anti-HER2 treatment plus
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Figure 8: DFS curves of luminal B/HER2+ and nonluminal
B/HER2+ patients in non-pCR patients without trastuzumab use.
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chemotherapy followed by trastuzumab maintenance had
better long-term outcomes. Although the prognosis of the
luminal B/HER2+ subtype demonstrated favorable outcomes
in the non-pCR subgroup, luminal B/HER2+ BC patients
receiving trastuzumab showed no survival advantage. Hence,
more patients and long-term follow-up time are needed for
further study. Neoadjuvant treatment with EC-PH might be
a suitable alternative regimen for Chinese women who
require anthracycline therapy.

Data Availability

The data used to support the findings of this study are avail-
able from the corresponding author upon request.
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Table 3: Hazard ratios for DFS prediction in univariate and multivariate analyses.

Univariate Multivariate
HR 95% CI P value HR 95% CI P value

Age (year) 0.731 0.917

≤35 1.000 1.000

>35 0.809 0.242–2.707 0.926 0.216–3.966

Menopausal status 0.433 0.128

Premenopausal 1.000 1.000

Postmenopausal 0.726 0.326–1.616 0.475 0.182–1.238

cT stage 0.004 0.006

cT1–2 1.000 1.000

cT3–4 3.166 1.433–6.995 3.801 1.460–9.894

cN stage 0.559 0.242

cN0 1.000 1.000

cN1–3 1.265 0.576–2.776 0.545 0.197–1.509

Grade 0.090 0.041

G1–2 1.000 1.000

G3 3.488 0.822–14.800 5.165 1.069–24.959

HR 0.056 0.927

Positive 1.000 1.000

Negative 2.466 0.977–6.127 0.903 0.101–8.084

Ki-67 0.981 0.607

>30% 1.000 1.000

≤30% 1.009 0.458–2.227 1.257 0.526–3.007

Molecular subtype 0.014 0.244

Luminal B/HER2+ 1.000 1.000

Nonluminal/HER2+ 2.988 1.248–7.155 3.559 0.421–30.056

Trastuzumab 0.047 0.190

Yes 1.000 1.000

No 2.961 1.015–8.632 2.218 0.674–7.297

Strict pCR 0.055 0.062

Yes 1.000 1.000

No 7.065 0.955–52.241 0.144 0.019–1.101

Lymph node involved 0.024 0.074

0 1.000 1.000

1–3 1.888 0.714–4.992 1.996 0.639–6.237

≥4 5.296 1.688–16.612 4.855 1.240–19.004

Endocrine therapy 0.181 0.259

TAM 1.000 1.000

AI 1.852 0.522–6.563 3.238 0.783–13.398

No 2.765 0.917–8.342 2.261 0.585–8.737
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Acanthopanax senticosus extract with excessive standard of Pb, Cd, Hg, and Cu was used as the research object, and the alkyl
thiourea functionalised silica was used as a new heavy metal removal scavenger. The heavy metal removal process was optimised
by orthogonal experiment with dynamic and static adsorption modes. Meanwhile, the content of Acanthopanax B and
Acanthopanax E, the solid content, and the HPLC fingerprint similarity were used as quality monitoring indicators of
Acanthopanax senticosus heavy metal removal before and after. Then, the technical adaptability of heavy metal removal by alkyl
thiourea functionalised silica was evaluated. Under the optimal dynamic adsorption conditions, the average removal rates of Pb,
Cd, Hg, and Cu were 91.64%, 93.04%, 81.77%, and 83.11%, respectively. Under the optimal static adsorption conditions, the
average removal rates of Pb, Cd, Hg, and Cu were 82.22%, 89.95%, 81.26%, and 82.97%, respectively. During Acanthopanax
senticosus extract heavy metal removal before and after, the change percentage of Acanthopanax B and Acanthopanax E was
less than 2.00%, the solid content loss rate was only 0.18%, and the fingerprint similarity was over 99.9%. The method can be
used to satisfy the high efficiency of selective removal of harmful elements in Acanthopanax senticosus extract and the effective
composition of almost no effect; the method is simple and easy, so it can be recommended for pretreatment of heavy metals in
Traditional Chinese Medicine extracts, and this way provides a new thought and research technique to decrease the contents of
heavy metals.

1. Introduction

Heavy metals have obvious harmful effects on the body’s
metabolism and normal physiological functions. Excessive
levels of heavy metals in the human body can lead to various
diseases, such as diseases of the nervous system and blood
system and even cancer [1, 2]. The content of heavy metals
in Traditional Chinese Medicine is one of the important indi-
cators to measure the quality of Traditional Chinese Medi-
cine [3]. Due to the excessive pollution of heavy metals in

Traditional Chinese Medicine, many incidents occurred in
developed countries in Europe and the United States and
many were detained which has seriously restricted its inter-
national development level [4] and has a great negative
impact on the international reputation of Traditional Chi-
nese Medicine; hence, it has attracted the attention of the
government and medical science and technologist [5, 6]. In
order to solve the current drug safety and the emergency sit-
uation facing export, to overcome the problem of Traditional
Chinese Medicine contaminated by harmful elements, it is
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necessary to find a rapid, convenient, and suitable method
for large-scale removal of harmful elements in Traditional
Chinese Medicine [7], to strengthen the development and
application of various removal technologies and adsorp-
tion materials, and to remove the harmful element units
in the production of Traditional Chinese Medicine, such
as extraction, to control the harmful metal content of
the finished medicine at a reasonable level [8]. Due to
the complexity of the form of harmful metals in Traditional
Chinese Medicine, such as complexation or embedding with
effective active ingredients and background values, traditional
methods for removing harmful metals in recent years, such as
alcohol precipitation, molecular imprinting, activated carbon
adsorption, ion-exchange resin, and superfluid methods, still
have many defects such as low yield, weak adsorption, large
dosage, high cost, and loss of active ingredients [9, 10]. At
present, it is only in the experimental research stage and is
only reported in the literature, but it still lacks the industrial
production mode [11]. Therefore, it is urgent to develop new
harmful metal removal technologies with high selectivity,
strong adsorption, and good industrial application value,
which at the same time can protect the amount and efficacy
of active ingredients [12].

Alkyl thiourea functionalised silica is a multifunctional
polymer-modified silica material with a highly specific
coordination group [13]. Currently, the removal of toxic
catalysts in the world’s synthetic pharmaceutical industry
and the recovery of precious metals in the petroleum
industry have been extensively applied [14–16], but the
application of harmful element removal in Traditional
Chinese Medicine extracts has not been reported in
domestic and foreign literature. According to literature
reports, silica gel loses its adsorption property after it
absorbs water by 17%, which is only a carrier (macropor-
ous resin method and activated carbon are difficult to
meet this requirement), and the hydroxyl group on the
surface can be coordinated by a modified heteroatom con-
taining S and N (can be strongly complexed with heavy
metal specificity) [17]. It can be predicted that the kinds
of new solid adsorption technology will have broad market
prospects in the field of removal of heavy metals in Tradi-
tional Chinese Medicine.

Acanthopanax senticosus is a very important Tradi-
tional Chinese Medicine. It has the same effect as gin-
seng. It can regulate the body’s function, improve the
body, and enhance the body’s immunity, especially in
the aspects of antifatigue, improving sleep, antioxidation,
and filling gas blood, which all have very good effect to
the body’s health [18]. This study and the British Phos-
phonicS Ltd. company jointly carried out the use of alkyl
thiourea functionalised silica as a model adsorption mate-
rial, with Acanthopanax senticosus extract as a heavy
metal pollution research object, to investigate the removal
effect of Pb, Cd, Hg, and Cu; meanwhile, the content of
Acanthopanax B and Acanthopanax E, the solid content,
and the HPLC fingerprint similarity were used as quality
monitoring indicators of Acanthopanax senticosus heavy
metal removal before and after. Our study is aimed at
judging the adaptability of alkyl thiourea functionalised

silica to remove heavy metals under the premise of pro-
tecting the active ingredients of Traditional Chinese Med-
icine. Furthermore, it provides a reference for the
feasibility evaluation of this type of material and it
resolves the drug safety and international development
problems caused by excessive heavy metals in Traditional
Chinese Medicine.

2. Materials and Methods

2.1. Materials. The materials used were as follows:
Cd/Cu/Pb/Hg standard stock solution (National Nonferrous
Metals and Electronic Materials Analysis and Testing Cen-
ter); ICP-MS tuning fluid (Thermo Ltd.); ICP-MS Mass
Calibration Solution (Thermo Ltd.); nitric acid (Suzhou
Crystal Rui Chemical Co., Ltd.); hydrogen peroxide
(Chongqing Chuanjiang Chemical Reagent Factory); alkyl
thiourea functionalised silica (PhosphonicS Ltd., UK);
Acanthopanax senticosus extract (Shaanxi Tiandiyuan Bio-
technology Co., Ltd.); and Acanthopanax B and Acantho-
panax E (Guizhou Dida Biotechnology Co., Ltd.).

2.2. Methods

2.2.1. Preparation of Acanthopanax senticosus Extract
Solution. Weigh 50 g of Acanthopanax senticosus extract in
a 200mL volumetric flask; add about 150mL of ultrapure
water; add 2mL of Pb, Cd, Hg, and Cu; mix standard solution
with a concentration of 100μg·mL−1; perform ultrasound for
15 minutes at room temperature; and then make up to
200mL with ultrapure water.

2.2.2. Quantitative Analysis of Pb, Cd, Cu, and Hg. Precisely
measure 2.0mL of Acanthopanax senticosus solution
adsorbed before and after. Add 6mL of HNO3 (GR) and
2mL of H2O2 (GR) in a Teflon bottle, shake it and mix it,
seal, and predissolve for 10 hours. Digest by microwave
digestion instrument, cool to room temperature, volatilize
the acid to 1~2mL liquid at 120°C, transfer it to a 25mL vol-
umetric flask, dilute to volume with ultrapure water, and
determine Pb, Cd, Hg, and Cu simultaneously by ICP-MS.

2.2.3. Optimization of Static Adsorption Method and
Condition. Weigh the appropriate amount of alkyl thiourea
functionalised silica in a round bottom flask, add the
Acanthopanax senticosus solution (Section 2.2.1), and
put it into the air bath constant temperature oscillator
to oscillate. The amount of alkyl thiourea functionalised
silica, the oscillation frequency, the oscillation tempera-
ture, and the shock time were as a single factor investi-
gated in this study, to determine the optimal range of
each factor. On this basis, the orthogonal test of 4 factors
and 3 levels was designed; the overall rating of average
removal rates of heavy metals was used as the process
evaluation index; then, the optimal static adsorption con-
ditions of removal of heavy metals in the Acanthopanax
senticosus was determined. The method for determination
of heavy metals in optimal static process was referred in
Section 2.2.2.
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(1) Effect of Alkyl Thiourea Functionalised Silica Dosage.
The amount of medicinal material/adsorbed dose was 30,
50, 80, and 120, respectively. The adsorption conditions
(25°C, 260 times·min−1, and 600min) were used to analyze
the effect of the amount of adsorbent on the removal rate.

(2) Effect of Oscillation Frequency. The amount of con-
trolled medicinal material/adsorbed dose was 80, at low
speed (80 times·min−1), medium speed (160 times·min−1),
high speed (260 times·min−1), and super high speed (360
times·min−1) frequencies. Heavy metals in Acanthopanax
senticosus solution were adsorbed for 600min at 25°C.
The effect of oscillation frequency on the removal rate
was analyzed.

(3) Effect of Adsorption Temperature. The amount of con-
trolled medicinal material/adsorbed dose was 80, and the
heavy metals in the Acanthopanax senticosus solution were
adsorbed for 600min at a temperature of 15, 25, 35, and
45°C and 260 times·min−1, respectively. The effect of absorp-
tion temperature on the removal rate was analyzed.

(4) Effect of Adsorption Time. The amount of controlled
medicinal material/adsorbed dose was 80, 25°C and 260
times·min−1, and the heavy metals in Acanthopanax sentico-
sus solution were adsorbed for 10, 30, 60, 120, 200, 400, 600,
and 800min, respectively. The effect of absorption time on
the removal rate was analyzed.

(5) Orthogonal Test Design. In order to investigate the
interaction of various factors on the removal rate of
heavy metals, based on the single-factor experiment, the
orthogonal combination test of L9(34) was designed
based on four factors: adsorption dosage, adsorption time,
oscillation frequency, and adsorption temperature. The
residual amount of Pb, Cd, Cu, and Hg in the Acantho-
panax senticosus solution was determined (refer to Sec-
tion 2.2.2).

2.2.4. Dynamic Adsorption Method and Condition
Optimization. Accurately weigh the alkyl thiourea functio-
nalised silica with the medicinal material/adsorbed dose
which was 80, wetly load the column, equilibrate with
ultrapure water, collect the liquid solution after passing
through the solid adsorption column, and measure the
residual amount of Pb, Cd, Cu, and Hg in the sample
solution. In order to discuss the optimal dynamic adsorp-
tion process, this study evaluated the effects of different 4
factors of aspect ratio, elution speed, temperature, and
sample loading on the removal rate. On this basis, the
orthogonal test of 4 factors and 3 levels was designed to
remove the heavy metals. Comprehensive scores of average
removal rates of heavy metals were used as the process
evaluation index to determine the optimal dynamic
adsorption conditions of removal of heavy metals in the
Acanthopanax senticosus. The method for determination
of heavy metals in optimal dynamic process was referred
in Section 2.2.2.

(1) Influence of the Aspect Ratio. Select three different
adsorption columns (the diameter to height ratios are 1 : 10,
1 : 15, and 1 : 20); the loading is 100mL, the elution tempera-
ture is 25°C, and the elution rate was 5BV·h−1 (the elution
rate of a BV is equivalent to the volume of a solid adsorption

column), and the effect of the aspect ratio on the removal rate
was analyzed.

(2) Effect of the Elution Rate. Select a column with an
aspect ratio of 1 : 20; the loading was 100mL, the elution tem-
perature was 25°C, and the elution rate was 3, 5, 8, and
10BV·h−1, respectively. The effect on the removal rate was
analyzed.

(3) Effect of Sample Loading. Select a column with diam-
eter to column height of 1 : 20. The elution temperature is
25°C, the elution rate is 3 BV·h−1, and the sample loading is
100, 200, 300, and 500mL, respectively. The effect on the
removal rate was analyzed.

(4) Effect of Elution Temperature. Select a column with an
aspect ratio of 1 : 20, elute at 3 BV·h−1, select 100mL for sam-
ple loading, and analyze the temperature for removal at tem-
peratures of 15, 25, 35, and 45°C, respectively. The effect on
the removal rate was analyzed.

(5) Orthogonal Test Design. In order to investigate the
interaction of various factors on the removal rate of
heavy metals, based on the single-factor experiment, this
paper will design the orthogonal combination of L9(34)
with four factors: aspect ratio, sample loading, elution
speed, and temperature. Measure 900mL of Acanthopa-
nax senticosus solution (Section 2.2.1); divide it into 9
parts, each 100mL of liquid medicine; test according to
the orthogonal design method; and determine residual
content of Pb, Cd, Cu, and Hg in each sample (refer to
Section 2.2.2).

2.2.5. Quality Evaluation of Acanthopanax senticosus Heavy
Metal Removal Before and After. The content of Acantho-
panax B and Acanthopanax E, the solid content, and the
HPLC fingerprint similarity were used as quality monitor-
ing indicators of Acanthopanax senticosus heavy metal
removal before and after. Then, the technical adaptability
of heavy metal removal by alkyl thiourea functionalised
silica was evaluated.

(1) Determination of Acanthopanax B and Acanthopanax
E in Liquid Medicine.

(1) Preparation of the Test Solution. Precisely measure
1mL of Acanthopanax solution (25% by mass) where
heavy metals were removed before and after to 20mL
volumetric flask, make up to 80% methanol solution
(volume), and perform ultrasound for 25min; a test
solution of about 12.5mg·mL−1 was obtained, the test
solution was filtered by 0.22μm microporous mem-
brane, and then the filtrate was collected for analysis

(2) Preparation of the Reference Substance Acanthopa-
nax B Solution. Accurately weigh 0.48mg of
Acanthopanax B, make up to 5mL (80% methanol
solution) (mass concentration 96μg·mL−1), and per-
form ultrasound for 5min

(3) Preparation of the Reference Substance Acanthopa-
nax E Solution. Accurately weigh 0.51mg of Acantho-
panax E, make up to 5mL (80% methanol solution)
(mass concentration 102μg·mL−1), and perform ultra-
sound for 5min
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(4) Preparation of the Mixed Reference Solution of
Acanthopanax B and Acanthopanax E. Accurately
weigh 0.53mg and 0.60mg of reference substance
Acanthopanax B and reference substance Acantho-
panax E, make up to 5mL (80% methanol solution)
(concentrations of Acanthopanax B and Acanthopa-
nax E were 106μg·mL−1 and 120μg·mL−1, respec-
tively), and perform ultrasound for 5min

(2) Analysis of the Solid Content. Taking the Acanthopa-
nax senticosus heavy metal removal solution before and after
as the research object, weigh 25mL into the evaporating dish
which had been dried to constant weight and evaporate to
dryness in a boiling water bath. The drying was continued
in a blast-drying oven at 105°C. Weigh it and calculate the
solid content and loss rate of the liquid.

(3) HPLC Fingerprint Similarity Evaluation. To prepare
the test solution, precisely measure 2mL of the Acantho-
panax heavy metal removal solution (25% by mass) before
and after to a 10mL volumetric flask, dilute to the mark
with ultrapure water, and perform ultrasound for 25min.
The concentration of test solution was 50mg·mL-1. Filter
with 0.22μm microporous membrane and collect the con-
tinuous filtrate for analysis.

2.2.6. Principle of Heavy Metal Removal by the New Kinds of
Scavenger. Figure 1 shows that heavy metal (Pd) is present in
the Traditional Chinese Medicine freely or chemically
bonded to the active ingredient in Traditional Chinese
Medicine (e.g., Y or Z). The alkyl thiourea-bonded silica
(SiO2 bonding organic functional group X) used in this
study is competitively heavy metal-binding with the active
ingredient of the Traditional Chinese Medicine (e.g., Y or
Z), thereby performing heavy metal removal, similar to the
tug-of-war effect. Hence, the alkyl thiourea-bonded silica
forms a chelate with the heavy metal.

3. Results

3.1. Static Adsorption and Condition Optimization Results

3.1.1. Effect of the Amount of Scavenger on the Removal
Rate of Heavy Metals. Figure 2 shows that the removal
rate of Pb, Cd, Hg, and Cu was close to the maximum
when the ratio of medicinal material/adsorbent dose was
80. If the ratio of medicinal material/adsorbent dosage
continues to increase, the removal rate of heavy metals
was significantly reduced.

3.1.2. Influence of Oscillation Frequency on the Removal Rate
of Heavy Metals. Figure 3 shows that within a certain oscilla-
tion frequency range, the removal rate of heavy metals was

Pd

SiO2

X Y

Z

Figure 1: Schematic diagram of heavy metal removal.
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Figure 2: Effect of the amount of scavenger on the removal rate of
heavy metals (n = 3).

0

20

40

60

80

100

Shaking speed

Re
m

ov
al

 ra
te

 (%
)

36026016080

Pb
Cd

Hg
Cu

Figure 3: The effect of shaking speed on the removal rate of heavy
metals (n = 3).
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Figure 4: The effect of temperature on the removal rate of heavy
metals (n = 3).
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proportional to the oscillation frequency. When the oscilla-
tion frequency reached 260 times·min−1, the removal rate of
heavy metals no longer increased significantly.

3.1.3. Effect of Adsorption Temperature on the Removal Rate
of HeavyMetals. Figure 4 shows that the effect of temperature
on the removal rate of heavy metals was not obvious.

3.1.4. Effect of Adsorption Time on the Removal Rate of Heavy
Metals. Figure 5 shows that the adsorption time was propor-
tional to the removal rate in a certain adsorption time. The
removal rates of Pb, Cd, and Hg did not increase significantly
after 120min of adsorption time, but the removal rate of Cu
did not increase after 600min. Pb, Cd, and Hg had a faster
removal rate than Cu since the adsorption reaches a short
saturation time.

3.1.5. Orthogonal Test Analysis Results. From the results of
the orthogonal test (Table 1), it can be seen that the influ-
ence of four factors on the removal rate of heavy metals
was significant. The primary and secondary order was
B>C>A>D. The D factor with the smallest difference was
used as the error term for variance analysis. The analysis
results (Table 2) indicated that factor B had a significant
difference, which indicated that the adsorption time has
a greater impact on the removal rate of heavy metals.
According to the analysis results, the optimal static
adsorption process conditions for Pb, Cd, Hg, and Cu in
the aqueous solution of Acanthopanax senticosus extract
were A1B3C3D3.

3.1.6. Verification Test Results for Optimal Process Conditions.
The following optimal adsorption process conditions were
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Figure 5: The effect of scavenging time on the removal rate of heavy metals (n = 3).

Table 1: The results of the orthogonal test.

Serial number A B C D
Results (rate removal of heavy metals (%))

Pb Cd Hg Cu Average rate of removal

1 1 1 1 1 65.66 58.69 43.97 45.97 53.57

2 1 2 2 2 85.63 89.93 81.79 61.69 79.76

3 1 3 3 3 87.37 91.12 82.27 84.97 86.43

4 2 1 2 3 66.12 63.00 49.76 43.03 55.48

5 2 2 3 1 82.19 87.27 76.25 65.37 77.76

6 2 3 1 2 72.34 65.34 59.33 63.14 65.04

7 3 1 3 2 66.31 63.00 46.28 41.26 54.21

8 3 2 1 3 69.37 65.08 62.00 58.08 63.63

9 3 3 2 1 80.06 73.17 63.07 74.25 72.64

K1 73.25 54.42 60.75 67.99

K2 66.09 73.72 69.23 66.37

K3 63.49 74.70 72.80 68.51

R 9.76 20.28 12.05 2.18
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adopted: the amount of medicinal material/adsorbent was 80,
the oscillation frequency was 260 times·min−1, the adsorption
time was 600min, the adsorption temperature was 45°C, and
the 6 parallel tests were carried out to verify the process condi-
tions and obtain higher removal. Table 3 shows that the
removal rate of heavy metals was more than 81% and the
RSD value was all less than 2.00, so this process was reasonable
and reliable.

3.2. Dynamic Adsorption and Condition Optimization Results

3.2.1. Effect of Diameter to Column Height on the Removal
Rate of Heavy Metals. Figure 6 shows that the removal rate
of Pb, Cd, Hg, and Cu was the largest when the effect of diam-
eter to column height was 0.05. The smaller the diameter to
column height, the higher the column efficiency and the
higher the removal rate of heavy metals, but the greater the
resistance and the slower the flow rate. Therefore, the choice
of the diameter to column height depends on the viscosity of
the sample to be purified.

3.2.2. Effect of the Elution Rate on the Removal Rate of Heavy
Metals. Figure 7 shows that in the dynamic adsorption
process, the elution rate was directly related to the removal
rate of heavy metals. The faster the elution rate, the worse
the removal effect was. When the elution rate reached
5BV·h−1, the purpose of efficiently removing heavy metals
can be satisfied.

3.2.3. Effect of Sample Loading on the Removal Rate of Heavy
Metals. Figure 8 shows that there was a direct relationship
between the amount of sample and the removal rate of heavy
metals. The results showed that the removal rate of heavy
metals was close to the maximum when the sample volume
was 200mL.

3.2.4. Effect of Elution Temperature on the Removal Rate of
Heavy Metals. Figure 9 shows that the effect of temperature
on the removal rate of heavy metals was not obvious.

3.2.5. Orthogonal Test Analysis Results. From the results of
the orthogonal test (see Table 4), it can be seen that the influ-
ence of four factors on the removal rate of heavy metals was
significant. The primary and secondary order was F>G>E>K,
and the K factor with the smallest difference was used as the
error term for variance analysis. The results of the analysis of
variance (Table 5) indicated that both factors F and G have
significant differences and indicated that both the loading
and elution rates had a large effect on the removal rate of
heavy metals. According to the analysis results, the optimal
dynamic adsorption process conditions for removal of Pb,
Cd, Hg, and Cu in the aqueous solution of Acanthopanax
senticosus extract were E3F1G1K1.

3.2.6. Verification Test Results for Optimal Process
Conditions. The optimal adsorption process conditions were
as follows: the diameter to column height ratio was 1 : 20, the
sample loading was 100mL, the elution rate was 3BV·h−1, the
elution temperature was 15°C, and the 6 parallel tests were
performed to verify the process conditions and obtain higher.
The metal removal rate and the RSD value were both less
than 2.00%. The results are shown in Table 6. So the process
of metals removed was reasonable and reliable.

3.3. Result Quality of Acanthopanax senticosus Heavy Metal
Removal Before and After

3.3.1. The Content of Acanthopanax B and Acanthopanax E
in Sample Liquid. Table 7 shows that active ingredients
Acanthopanax glycosides B and E were not affected by heavy
metal removal before and after, and the rate of change was
less than 2%.

Figure 10 displays the mixed control and testing sample
HPLC chromatogram.

Table 2: The results of analysis of variance.

Source of variance SS f MS F P

A 153.28 2 19.79 19.00 <0.05
B 784.75 2 101.32 19.00 <0.05
C 230.63 2 29.78 19.00 <0.05
D (errors) 7.75 2 1.00 19.00

Note: P < 0:05 indicates that the difference is statistically significant.

Table 3: The test results of the optimal process conditions.

Sample serial number
Rate removal of heavy metals (%)
Pb Cd Hg Cu

1 83.31 89.26 82.89 85.17

2 83.29 91.47 83.03 83.12

3 84.27 90.12 80.28 82.26

4 85.34 90.91 81.79 84.53

5 83.27 89.25 82.51 82.64

6 83.43 91.33 80.01 83.39

Average 82.12 89.21 81.27 82.47

RSD 1.27 1.49 1.78 1.34
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Figure 6: The effect of diameter to column height on the removal
rate of heavy metals (n = 3).
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3.3.2. Analysis of Solid Content of the Drug Solution
Adsorption Before and After. The solid content of the liquid
before and after removal was 227.38mg·mL−1 and
225.62mg·mL−1, respectively, and the loss rate was only
0.18%, which indicated that there was no obvious loss of solid
content before and after removal of heavy metals by using
new solid adsorbent.

3.3.3. Evaluation Results of HPLC Fingerprint Similarity
Adsorption Before and After. The HPLC fingerprints of
Acanthopanax senticosus heavy metal adsorption before
and after were analyzed. The results showed that the active
composition ingredients of Acanthopanax senticosus did
not change. The “Traditional Chinese Medicine fingerprint
similarity evaluation system (version 2.0)” issued by the
National Pharmacopoeia Committee was adopted, which

analyzed Acanthopanax senticosus after heavy metal removal
and obtained the control fingerprint by using the pread-
sorption spectrum as a reference. Based on this, the overall
similarity evaluation was performed, and 6 parallel exper-
iments were performed. The chromatographic peaks of
the HPLC spectra before and after removal of heavy
metals were matched with each other, and the similarity
evaluation results were all greater than 99.9%. The results
are shown in Figure 11.

4. Conclusion

In this study, the samples of the extracts of Traditional
Chinese Medicine to be purified that exceeded the stan-
dard of heavy metals were prepared, and the main produc-
tion operation units involved in the extraction process of
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Figure 7: The effect of washing speed on the removal rate of heavy metals (n = 3).
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Figure 8: The effect of sample volume on the removal rate of heavy
metals (n = 3).
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Figure 9: The effect of washing temperature on the removal rate of
heavy metals (n = 3).
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Traditional Chinese Medicine, such as stirring extraction
and dynamic column, were designed. The static stirring
mode and dynamic column mode were used to remove
heavy metals. The process research, while examining the
single-factor influence removal rate and orthogonal exper-

iment optimization optimal process, obtained a better
removal effect; dynamic and static adsorption can achieve
more than 80% heavy metal removal rate.

The carrier of the novel solid adsorption bonding
material used in the research is silica gel. When the water

Table 4: The results of the orthogonal test.

Serial number E F G K
Results (rate removal of heavy metals (%))

Pb Cd Hg Cu Average rate of removal

1 1 1 1 1 82.07 85.13 82.31 85.95 83.89

2 1 2 2 2 80.16 79.55 78.00 79.71 79.36

3 1 3 3 3 60.07 63.08 67.33 64.93 63.85

4 2 1 2 3 85.13 89.61 72.14 73.05 80.11

5 2 2 3 1 79.39 82.18 68.66 72.37 75.65

6 2 3 1 2 79.60 73.33 61.76 67.34 70.51

7 3 1 3 2 79.88 85.06 75.64 77.08 79.42

8 3 2 1 3 92.67 95.05 82.17 84.96 88.72

9 3 3 2 1 78.69 84.38 69.12 71.65 75.96

K1 75.70 81.13 81.03 78.42

K2 75.88 81.09 78.43 76.76

K3 80.78 70.19 72.89 77.18

R 5.08 10.91 8.15 1.65

Table 5: The results of analysis of variance.

Source of variance SS f MS F P

E 49.85 2 11.237 19.00

F 237.40 2 53.52 19.00 <0.05
G 103.87 2 23.45 19.00 <0.05
K (errors) 4.46 2 1.00 19.00

Note: P < 0:05 indicated that the difference is statistically significant.

Table 6: The test results of the optimal process conditions.

Sample serial number
Rate removal of heavy metals (%)

Pb Cd Hg Cu

1 91.10 93.57 80.11 85.21

2 90.21 95.17 82.19 81.47

3 93.17 92.67 83.57 84.15

4 91.24 92.33 80.37 83.64

5 92.16 91.27 82.87 80.78

6 91.76 93.01 81.22 83.17

Average 91.67 93.00 81.76 83.19

RSD 1.26 1.39 1.97 1.99

Table 7: Determination results of Eleutheroside B and Eleutheroside E with or without metal removal.

Indicator components
Quality score (%)

Rate of change (%)
Control Sample 1 Sample 2 Sample 3 Sample 4 Sample 5 Sample 6

Acanthopanax B 0.556 0.561 0.563 0.559 0.547 0.566 0.567 1.35

Acanthopanax E 0.957 0.960 0.982 0.969 0.972 0.971 0.978 1.67
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content of silica gel exceeds 17%, the adsorption property
is not suitable. It is especially suitable for Chinese medi-
cine liquid (aqueous liquid or alcohol liquid); that is, the
adsorbent is harmful in removing heavy metals. At the
same time, the elements do not significantly affect the
active ingredients of Traditional Chinese Medicine. By
comprehensively analyzing the content of index compo-
nents, solid content loss rate, and HPLC fingerprint before
and after removing heavy metals from Acanthopanax sen-
ticosus extract aqueous solution, it is further verified that
the alkyl thiourea-bonded silica gel removed Pb, Cd, Hg,
and Cu. The chemical composition has not changed sig-
nificantly, and the experimental design purpose of selec-
tive and high-efficiency removal of heavy metals under
the premise of protecting the active constituents of
Acanthopanax senticosus extract (unilateral medicinal
materials) has been achieved, and it has good industrial
application value.
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Antibiotic resistance including the emergence of multidrug resistant microbes has become a public health crisis. In this study, we analyzed
the antibiotic resistance genes (ARGs) in the urinary metagenome of the kidney transplant and healthy subjects using metagenomic
shotgun sequencing. Our data suggest an increased abundance of antibiotic resistance genes in the kidney transplant subjects. In addition,
the antibiotic resistance genes identified in the transplant subjects were predominantly composed of multidrug efflux pumps (MDEPs)
which are evolutionarily ancient, commonly encoded on chromosomes rather than plasmids, and have a low rate of mutation. Since the
MDEPs had a low abundance in the healthy subjects, we speculate that theMDEPsmay enhance the fitness of bacteria to survive in the high
stress environment of transplantation that includes multiple stressors including surgery, antibiotics, and immunosuppressive agents.

1. Introduction

Antibiotic resistance has emerged as a major medical and
public health challenge which has been driven, in part, by the
misuse of antibiotics in both the clinical and agricultural
arenas [1, 2]. Exposure to clinical levels of antibiotics can
promote mutations inducing enhanced antibiotic resistance
and the emergence of multidrug resistant strains. Following
kidney transplantation, infections remain a major compli-
cation, and the most common type of acute infection fol-
lowing solid organ transplantation is bacterial [3, 4].
Consequently, subjects are frequently treated with pro-
phylactic antibiotics, for example, sulfamethoxazole-tri-
methoprim, which we previously reported can induce
increased levels of antibiotic resistance genes (ARGs) in the
urinary metagenome [5]. Specifically, we reported increased

levels of dihydrofolate synthase/folylpolyglutamate synthase,
two enzymes that can increase folate production but are not
blocked by sulfamethoxazole-trimethoprim in subjects that
developed urinary tract infections following transplantation.

,ere are multiple mechanisms for the selection and
development of ARGs, but the contribution of the various
mechanisms has not been clearly elucidated. Based on the
genetic analysis of bacterial genomes, it is estimated that
there are more than 20,000 antibacterial resistance genes
(ARGs) comprising approximately 400 different types [6].
ARGs are evolutionarily ancient and were present before the
advent of antibiotics indicating that ARGs have biological
functions in addition to inhibiting effects of antibiotics. In
vitro studies have shown that ARGs can inhibit transcription
and modulate metabolism suggesting important biological
functions in natural ecosystems [7]. ,us, the contribution
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of antibiotics and resistance to antibiotics is not well un-
derstood in terms of resilience or susceptibility to adverse
outcomes including infection or graft rejection in kidney
transplantation.

One of the most studied types of ARGs is the beta-
lactamases that produce resistance to penicillin. Beta-lac-
tamases are usually expressed on plasmids and can generate
new specificities of resistance within days due to the ac-
cumulation of point mutations. In contrast, another class of
ARGs is the multidrug efflux pumps (MDEPs), which are
encoded in the bacterial chromosomes, expressed in all
members of a species, and mutate slowly, and thus are not
selected by exposure to antibiotics. ,e MDEPs are ancient
genes present in prokaryotes, archaebacteria, and eukaryotes
including mammals. An important example in clinical
medicine is p-glycoprotein, which can be responsible for
resistance to chemotherapy agents. ,ere are five types of
MDEPs in bacteria which have diverse functions including
quorum sensing and detoxification of heavy metals, bile
salts, and bacterial metabolites. Since the MDEPs emerged
early in evolution their original functions were not to convey
resistance to antibiotics; nevertheless, the efflux pumps are
effective mechanisms to generate antibiotic resistance [8, 9].

To investigate the spectrum of ARGs within the kidney
transplant and healthy subjects, we employed shotgun
metagenomic sequencing (MGS) in the urinary meta-
genome. In contrast to targeted16S rRNA amplicon se-
quencing, MGS sequencing identifies nearly complete
genomes that can identify bacterial taxa at the species level
and thus annotate the complete array of ARGs. Interestingly,
our study identifies major changes in the profile of ARGs in
kidney transplant subjects.

2. Material and Methods

2.1. Study Design, Ethics Statement, Metagenome DNA Iso-
lation, and Sequencing. ,e objective of this study was to
investigate the antibiotic resistance genes (ARGs) contributed
by the urinary microbiome of kidney transplant recipients
and healthy subjects using shotgun metagenomic sequencing.
As previously described, urine samples were collected post-
transplant from kidney transplant recipients and controls [5]
and 17 additional controls described in Table S1. Similar to
the DNA isolation method, library preparations were per-
formed and were sequenced on Illumina MiSeq with 301
paired end chemistry. ,is study was approved by the
Washington University School of Medicine Institutional
Review Board, St. Louis, Missouri (IRB ID # 201102312,
Protocol Number # 07-0430) and by the University of Illinois
Institutional Review Board, Chicago, Illinois (IRB # 2014-
1227).

2.2. Bioinformatic Analyses and Antibiotic Resistance Gene
Annotation. Raw reads from transplant and control samples
were quality filtered and trimmed to remove human se-
quences using CLC genomics workbench default parameters
(CLC bio, Qiagen). High quality filtered reads were de novo
assembled into contigs, and reads were mapped back to

contigs to generate the number of reads per contig. ,e se-
quence data was aligned with the antibiotic resistance genes in
the ARDB (Antibiotic Resistance Genes Database) using 80%
identity and e-value of 1e−5 over 80% alignment length of the
ORF/gene [6]. ARDB allows the search against antibiotic
resistance genes, type, organism, and antibiotic class. A csv file
format with antibiotic gene, bacterial taxonomy, and anti-
biotic class associated with each sample was retrieved. ,e
data file was normalized by dividing the number of reads
aligned to each resistance gene/total reads used in the analysis
and was converted to a square data matrix for further analysis.
Data corresponding to both functional and taxonomical
distributions were analyzed using MG-RAST SEED database
using 80% similarity cutoff [10].

2.3. Statistical Analyses. Principal Coordinate Analysis
(PCoA) was performed to find the axis that best explains the
variance in the ARGs data set. ,e PCoA plot was generated
using the Bray-Curtis Dissimilarity matrix for ARGs
abundance between transplant and control group. In order
to test for significant differences in the transplant and control
group, a one-way analysis of similarity (ANOSIM) was
conducted as described [11]. SIMPER (Similarity Percentage)
analysis was performed to find the ARGs which contributed
towards the % dissimilarity among the groups. ANOSIM and
SIMPER analyses were performed using PAST statistical
software v 3.0 [12]. Differences between two groups were
assessed using theMann–WhitneyUTest andWilcoxon Rank
Test. A p-value of ≤0.05 considered as a significant difference
after multiple test corrections with Benjamini–Hochberg false
discovery rate (FDR). Data sets that involved more than two
groups were assessed by analysis of variance (ANOVA)
followed by Tukey’s multiple comparison post hoc tests. Data
were analyzed using GraphPad Prism (GraphPad Software,
San Diego, CA, USA) and were considered as statistically
significant with p≤ 0.05 unless otherwise indicated.

2.4. High-3roughput Sequencing Data Availability. ,e
sequence data for the study has been submitted to the MG-
RAST web server under the following accession number
provided in Table S2.

3. Results

Transplant subjects are exposed to multiple stressors in-
cluding surgery, immunosuppression, and antibiotics. We
analyzed the abundance of antibiotic resistance genes (ARGs)
in the urinary metagenome in kidney transplant recipients
versus controls (Table 1). We performed metagenomic
shotgun sequencing (MGS) of additional 17 controls for this
study, which generated a total of 312×106 raw reads. ,e raw
reads were filtered to remove human sequences and were
assembled into 1,429,333 contigs (Table S2). We identified
ARGs in 10 out of 21 transplants, and 19 out of 25 controls. To
compare the metagenomes of the kidney transplant and
control subjects, we performed Principal Coordinate Analysis
(PCoA) which projected separation of the two groups based
on the ARGs identified in each sample with 26.5% of the
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variance defined by the first principal coordinate (Figure 1).
Variance of the control group ARGs profile was primarily
encompassed in the first principal coordinate, whereas the
variance of the transplant resistome was predominantly
within the second principal coordinate.

We compared the relative abundance of the genera of the
two groups with theWilcoxon rank test which showed different
ranks in the groups (p≤0.05) (Table 1). Of note, the genus
Enterococcus, which we previously reported to express genes
predicting resistance to sulfamethoxazole-trimethoprim [5]
comprised 28.6% of the transplant microbiome, but only 7.2%
of the control microbiome. In contrast, the Propionibacterium
genus comprised 10.9% of the control microbiome, but only
4.8% of the transplant microbiome. Overall, 4 genera were
unique to the transplantmicrobiome and 4 genera were unique
to the control microbiome, and 8 genera were detected in both
microbiomes (Table 1). We also analyzed the diversity in the
ARGs among the groups. ,e Shannon diversity index (based
on ARG abundance) was significantly higher in the transplant
group at 2.1 versus 0.4 in the control group (p≤ 0.001);
similarly, the evenness was greater in the transplant group
(Figures 2(a) and 2(b), respectively).

To identify potential differential functions in the
transplant and control metagenomes, we employed the
SEED database in MG-RAST v2.0 to identify the relative
abundance of ARGs. Analysis of level_1 did not detect
significant differences; however, analysis of the more specific
level_2 of MG-RAST detected increased “Resistance to
antibiotics and toxic compounds” in the transplant group
(Figure 3). Overall, we detected 29 unique ARGs in the
transplant group, 8 unique in the control group, and 7 that
were detected in both groups (Figure 4(a)). ,e mean
number of unique ARGs per patient was 16 in the transplant
group, but only 2 in the control group (Figure 4(b)). Next,
we determined the predicted spectrum of antibiotic resis-
tance genes based on the metagenomes in each group.
Analysis of the relative abundance of ARGs indicated a more
diverse profile in the transplant subjects compared with
control subjects (Figure 5(a)). In addition, a comparison of

the specificity of the resistance profiles showed different
profiles in the two groups (Figure 5(b)). For example, the
transplant subjects indicated resistance to 16 of the 17 an-
tibiotics class analyzed. In contrast, the control subjects
indicated resistance to a subset of the antibiotics that in-
cluded bacitracin, chloramphenicol, erythromycin, fluo-
roquinolone, fosmidomycin, penicillin, and tetracycline. In
addition to these antibiotics, the transplant subjects were
also resistant to aminoglycosides, cephalosporins, fosfo-
mycin, norfloxacin, kasugamycin, lincomycin, macrolides,
and polymyxin. ,us, transplant subjects have a broader
profile of antibiotic resistance and a greater abundance of
antibiotic resistance genes that is often an order of mag-
nitude greater than in the control subjects.

Since we employed MGS sequencing we were able to
identify specific genes in the microbiota. Although some
ARGs were detected at low levels, we detected a total of 44
ARGs from both groups, 36 were detected in transplant,
and 15 in the control group, both groups shared 7 ARGs
(Figure 6). Only 3 ARGs were abundant in the control
subjects: ermf (a methyl transferase), pbp2b (beta-lacta-
mase), and rosa (efflux pump/potassium antiporter); how-
ever, all 3 were identified at extremely low absolute levels in
the transplant group. Interestingly, 14 (above 0.1 gene
abundance) unique ARGs were identified in the transplant
urinary metagenome suggesting a diverse baseline repertoire
of ARGs. Since gender can affect susceptibility to urinary
tract infections and has been shown to modify the urinary
microbiome [13], we also compared the effect of gender in
the 2 groups (Figure 7(a)). We detected changes associated
with gender in both the transplant and control groups;
however, a Principal Coordinate Analysis showed that the
strongest association was between transplant versus control
(Figure 7(b)). ,e SIMPER analysis showed that mean rank
(based on Bray-Curtis Dissimilarity matrix) was not sig-
nificantly different among the transplant male and female
(ANOSIM R� 0.02, p �0.38), or the control male and fe-
male (ANOSIM R� 0.04, p �0.66). However, the mean rank
between the transplant and control groups was significantly

Table 1: Relative abundance of bacterial genus in Transplant and Control group. Genera are selected on the basis of >1% abundance in each
group. Genera identified in both groups are shown in bold font. ,e significance of the difference among bacterial genera was computed
using Students t-test (∗p≤ 0.05).

Transplant Control
Genus % Abundance Genus % Abundance
Enterococcus ∗ 28.6 Ralstonia ∗ 33.2
Escherichia ∗∗ 12.7 Propionibacterium ∗ 10.9
Ralstonia ∗ 9.6 Enterococcus ∗ 7.2
Shigella ∗∗ 7.4 Neisseria ∗ 7.1
Propionibacterium∗ 4.8 Bifidobacterium 5.0
Proteus 4.4 Corynebacterium∗ 3.8
Streptococcus 3.4 Streptococcus 2.5
Lactobacillus 2.9 Lactobacillus 2.3
Bacteroides 2.4 Burkholderia 2.0
Neisseria ∗ 2.2 Cupriavidus 1.7
Salmonella∗ 1.6 Bacteroides 1.7
Burkholderia 1.3 Prevotella ∗∗ 1.4
Staphylococcus ∗ 1.2 Pseudomonas 1.1
Citrobacter 1.1 Mobiluncus ∗ 1.1
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different (ANOSIM R� 0.59, p≤ 0.001) compared to within-
group difference (Figure S1).

An analysis of the type of resistance mechanisms of the
ARGs in the transplant subjects indicated that the most com-
mon type was a multidrug efflux pump. A SIMPER analysis
identified the ARGs which contributed the most differences
among the groups, only ARG which contributed above 1%
difference are shown (Table 2). In fact, 18 of the 36 ARGs in the
transplant group were multidrug efflux pumps (MDEP). ,e
SIMPER analysis showed that MDEPs contributed 65.7% to-
wards the dissimilarity among the groups (Table 2).

,ere are fivemajor types ofMDEPs including ABC (ATP
binding cassette), MATE (toxic compound extrusion family),
MFS (major facilitator super family), SMR (small multidrug
resistance family), and RND (resistance/nodulation division
family). Next, we determined which type of efflux pumps were
expressed in the transplant subjects (Figure 7(c)). Interest-
ingly, we identified MDEPs from 4 of the 5 types of efflux
pumps including 2, 0, 8, 1, and 6 from the ABC, MATE, MFS,
SMR, and RND types, respectively. ,us, the MDEPs were
derived from multiple diverse types of efflux pumps.

4. Discussion

In this study, we analyzed antibiotic resistance genes in a
cohort of kidney transplant subjects compared with controls
using metagenome shotgun sequencing (MGS). In a pre-
vious report, we showed that bacterial phyla were markedly
different in transplant and control subjects [5]. In this study
analysis of the bacterial genera showed significantly different
abundances of the taxa in the transplant and control groups.
For example, the transplant group had increased Entero-
coccus but decreased Propionibacterium, Neisseria, and
Bacteroides. In addition, 4 other genera were detected in the
transplant group that were absent in the controls (Table 1).
In the current study, our analysis of the ARGs by PCoA
indicated distinct subsets of ARGs in the transplants and the
controls (see Figure 1).

We previously reported that the transplant subjects, who
are prophylactically treated with the antibiotic sulfame-
thoxazole-trimethoprim (Bactrim), developed potential re-
sistance to the antibiotic by increases in dihydrofolate
synthase/folylpolyglutamate synthase, two enzymes that can
increase folate production but are not blocked by sulfame-
thoxazole-trimethoprim [5]. Furthermore, our analysis of
functions in the SEED database using MG-RAST showed in-
creased “Resistance to antibiotics and toxic compounds” in the
transplant group (see Figure 3). Based on these observations,
we analyzed antibiotic resistance genes in the transplant and
control metagenomes that demonstrated an increased abun-
dance of ARGs as well as more diversity of ARGs in the
transplant group (Figure 2). For example, out of 44 different
ARGs detected, 29 were unique to the transplant subjects
(Figure 4). Also, we detected an average of 16 different ARGs
in transplant group versus only 2 in control. Interestingly,
the putative specificity of the antibiotic resistance was also
different. In the control subjects, resistance was predicted to
bactrim, chloramphenicol, erythromycin, fluoroquinolone,
fosmidomycin, penicillin, and tetracycline, all antibiotics
that are previously or currently used in clinical or agricul-
tural practice. In contrast, the transplant subjects projected
resistance to aminoglycosides, cephalosporins, fosfomycin,
norfloxacin, kasugamycin, lincomycin, macrolides, and
polymyxin antibiotics that are often administered for more
serious clinical indications. ,e most striking observation in
our study was the type of ARGs that were detected in the
transplant versus control subjects. 18 of the 36 ARGs in the
transplant group were classified as multidrug efflux pumps
(MDEPs), whereas only 2 were detected at a significant level
in the control group. SIMPER analysis showed that MDEPs
contributed 65.7% towards dissimilarity among the groups.

,e MDEPs differ in the multiple aspects from the other
ARGs. ,ere are five major types of MDEPs including ABC
(ATP binding cassette), MATE (toxic compound extrusion
family), MFS (major facilitator super family), SMR (small
multidrug resistance family), and RND (resistance/
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nodulation division family) [8, 9]. We identifiedMDEPs from
4 of the 5 types of efflux pumps including 2, 0, 8, 1, and 6 from
the ABC, MATE, MFS, SMR, and RND types, respectively
(Figure 7(c)). ,us, the MDEPs were derived from multiple
diverse types of efflux pumps. MFS multidrug efflux pumps
genes (emea, emrd, mdtg, mdth, mdtk, mdtl, mdtm, tetc), and
RND (acrb, macb, mdte, mdtf, mdto, tolc), were among the
abundant antibiotic classes compared to ABC (bcr, isa) and
SMR (emre). Of note mdtk, acrb, and bcr were highly
abundant among the MFS, RND, and ABC, respectively
(Table 2, Figure 7(c)). ,e MDEPs are ancient elements
present in prokaryotes, archaebacteria, and eukaryotes
that exert important biological functions unrelated to
antibiotic resistance including quorum sensing, virulence,

detoxification, and biofilm formation. In cancer subjects, the
MDEPs can promote resistance to chemotherapy agents. In
bacteria, the MDEPs can promote resistance to antibiotics.
,e MDEP genes are commonly encoded within the genome
and structural components are highly conserved in all
members of a given bacterial species and subject to low rates
of mutation. A singleMDEP can convey resistance tomultiple
antibiotics. Since the MDEPs are ancient genes it is likely that
antibiotic resistance by MDEPs is an emergent property not
dependent on recent mutations suggesting that MDEPs are
not selected due to exposure to antibiotics. In contrast, the
development of resistance to higher concentrations or new
structures in plasmid encoded ARGs is rapid and can occur
within hours to days [14].
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Figure 7: (a) Gender based ARG profile among transplant male (Tx_M) vs. females (Tx_F), and control male (C_M) vs. females (C_F). (b)
Principal Coordinate Analysis using Bray–Curtis similarity matrix in kidney transplant and control groups. (c) Major types of multidrug
efflux pumps (MDEP) identified in the transplant group.
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Our data support the hypothesis that bacteria with di-
verse abundant MDEPs have increased fitness to colonize
and survive in a high stress environment in a transplant host.
Transplantation produces multiple stressors including is-
chemia/reperfusion, exposure to antibiotics, and immuno-
suppressive agents. ,us, microbiota with relevant MDEPs
may have increased fitness and provide the bacteria with a
selective advantage in a stressed environment such as induced
by transplantation.,is could guide the specific changes in the
microbiome we documented following transplantation. Fur-
ther delineation of the effects of high levels of MDEPS in
transplant subjects’ merits further investigation.
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Supplementary Materials

Figure S1: ANOSIM statistics distance plots. (a) Transplant
male vs. female, (b) control male vs. female, (c) transplant
group vs. control group. Table S1: demographics of trans-
plant and control subjects. Transplant samples (T1–T21) and

Table 2: SIMPER (Similarity percentage analysis) for the transplant and control group. Contribution % towards dissimilarity in both groups
is shown above 1%.

Antibiotic class Gene Target Transplant (mean abundance) Control (mean abundance) Contribution (%)
Erythromycin lsa ABC 0.18 0.01 5.5
Bacitracin bcr ABC 0.54 0.00 3.9
Tetracycline tetc EF 0.22 0.00 2.1
Macrolide macb MEP 0.46 0.00 2.9
Fluoroquinolone emea MEP 0.19 0.00 7.5
Multidrug efflux pump acrb MEP 0.64 0.00 7.3
Deoxycholate, fosfomycin mdtf MEP 0.31 0.00 4.6
Enoxacin, norfloxacin mdtk MEP 0.65 0.00 4.2
Chloramphenicol mdtl MEP 0.39 0.00 3.4
Chloramphenicol ceob MEP 0.00 0.01 3.1
Multidrug efflux pump mdfa MEP 0.40 0.00 3.1
Deoxycholate, fosfomycin mdth MEP 0.22 0.00 2.9
Deoxycholate, fosfomycin mdtg MEP 0.42 0.00 2.8
Multidrug efflux pump mdto MEP 0.36 0.00 2.8
Multidrug efflux pump mexb MEP 0.00 0.00 2.8
Multidrug efflux pump tolc MEP 0.19 0.00 1.5
Multidrug efflux pump emre MEP 0.19 0.00 1.4
Multidrug efflux pump amrb MEP 0.00 0.00 1.2
Multidrug efflux pump mdtm MEP 0.14 0.00 1.2
Multidrug efflux pump aph3iiia Phosphorylation 0.05 0.00 1.5
Sum 5.55 0.02 65.7
Erythromycin ermb 23S rRNA 0.08 0.00 4.1
Erythromycin ermx 23S rRNA 0.00 0.03 1.4
Kasugamycin ksga 30S 0.62 0.00 5.2
Polymyxin arna Arabinose 0.68 0.00 4.9
Cephalosporin, penicillin bl1_ec β-Lactam 0.64 0.00 4.7
Cephalosporin, penicillin bl2b_tem β-Lactam 0.41 0.00 2.2
Penicillin pbp2b Glycosylase 0.00 0.02 1.2
Bacitracin baca Phosphatase 0.53 0.02 7.9
Sum 2.96 0.07 31.6
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control samples (C1–C8) have been previously analyzed [5].
Table S2: sequencing statistics and accession numbers. Table
S3: taxonomic and functional annotation in transplant and
control groups. (Supplementary Materials)
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Objective. Study the effect of quality control circle (QCC) in promoting the usage of rubber dams (RD) in root canal treatment of
chronic pulpitis in primary teeth. Methods. Set up a quality control group to increase the amount of rubber dams used in the
treatment of chronic pulpitis in primary teeth. Monthly monitoring results of the usage amount were counted by the outpatient
computer system. Relevant data were collected through questionnaires, and causes of low utilization were analyzed, and the
improvement measurements were formulated and implemented. Quality control circle activity was evaluated. Results. Through
the quality control circle activity, the consumption of rubber dams in the root canal treatment of chronic pulpitis was
significantly improved, children in treatment became more cooperative, and operation time of root canal treatment has also
been shortened. Conclusion. The quality control circle activities played a significant role in promoting the use of rubber dams in
the root canal treatment of primary teeth, and it can be used as a method to promote new clinical treatment programs.

1. Introduction

There are many advantages of using rubber dam (RD) in root
canal treatment of chronic pulpitis of deciduous teeth [1],
such as improving infection control quality, safety, and ther-
apeutic effects [2, 3]. Therefore, it should be vigorously pro-
moted and applied. However, the utilization rate of rubber
dam in deciduous teeth in China is not high in clinical prac-
tice [4]. Quality control circle (QCC) is a group of workers
who do the same or similar work, whomeet regularly to iden-
tify, analyze, and solve work-related problems [5]. They are
problem solving teams which use simple statistical methods
to research and decide on solutions to workshop problems
[6]. And they follow the “PDCA” (plan-do-check-act) pro-
cess [7]. In order to find out the reason why usage of rubber
dam was so low in the treatment of chronic pulpitis and to
further solve the problem, the following work has been car-
ried out. It has been monitored the usage of rubber dam in
root canal treatment of chronic pulpitis of deciduous teeth
in the Department of Pediatric Dentistry, Stomatological
Hospital of Southern Medical University for twelve months.

Through applying quality control circle, the consumption
and using techniques of rubber dam has been improved
when compared with the previous year. And the quality con-
trol circle activity can be used as a method to promote new
clinical treatment programs. The details are reported below.

2. Materials and Methods

2.1. General Information. Our department is the outpatient
of Pediatric Dentistry Department in the Tertiary Stomatolo-
gical Hospital. There are 9 pedodontists, 20 nurses, and 8
dental residents during the year of 2018.

2.2. Methods

2.2.1. QCC. Set up a quality control circle group which
consists of 11 members, including 10 dentists and 1 nurse.

2.2.2. Topic Selection. The theme of QCC activity is to
increase the usage of rubber dam in root canal treatment of
chronic pulpitis of deciduous teeth. The event was held from
January 2018 to December 2018.
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2.2.3. Reason Analysis. Through literature review, brain-
storming, and questionnaire, the QCC team analyzed the
main reasons for low usage of rubber dam in the treatment
of chronic pulpitis of milk teeth as several aspects, and finally
determined the improvement measurement as scheduled and
improves the operation.

2.2.4. Setting Target. Value of the goal setting formula =
current situation value + ðimprovement value × improvement
focus × circle capacityÞ, the amount of rubber dam used before
improvement was 20 pieces/ðmonth · dental chairÞ, the circle
capacity was assessed and calculated by all circle members as
83.08%, and the target value after improvement was 34
pieces/ðmonth · dental chairÞ, with an improvement range of
66.46%.

2.2.5. Countermeasures Formulation and Implementation

(1) Videos about advantages and disadvantages of using
rubber dams were played in the waiting room;
operating procedures were shown as well

(2) Using children’s language

(3) Normalizing the practice. The rubber dam was
placed by means of wing method. According to the
tooth position, the rubber dam was drilled, fixed on
the rubber dam clamp, and then extended with the
rubber dam clamp, and then placed on the tooth neck
together with the rubber cloth. During the process,
attention was paid to the protection of oral soft tissue,
and fingers were used to guide the rubber dam into
position [8]

(4) Internal and external experience exchanges. Experi-
ences were shared among dentists to face those
special tooth conditions

(5) Local anesthesia

(6) Questionnaire. Survey was conducted to confirm,
review, and improve the implementation status and
effect

(7) Data analysis. Theme progress of rubber dams at
each dental chair was counted, and the children in
rubber dam group (experimental group) and without
rubber dam group (control group) were scored

according to Houpt’s evaluation scale (Table 1) [9],
and the chairside operation time as well as the com-
plications before and after treatment were analyzed

2.3. Statistical Analyses SPSS20.0 Software Was Used for
Statistical Analysis. The whole process score of Houpt’s score
and the operation time beside the chair were compared by t
test, the monthly amount of rubber dam, and the numbers
of intraoperative and postoperative complications were com-
pared by chi-square test, and P < 0:05 was considered statis-
tically significant.

3. Results

3.1. Monthly Consumption of Rubber Dam for Milk Teeth in
Root Canal Treatment of Chronic Pulpitis Is Promoted by
QCC Activities. The activity of quality control circle increased
the use of rubber dam in root canal treatment of chronic
pulpitis of deciduous teeth in our department. After
improvement, consumption of rubber dam was 91pieces
per month. Target rate = ðimproved‐baseÞ/ðtarget‐presentÞ ×
100% = ð91‐20Þ/ð34‐20Þ × 100% = 507:14%. Meanwhile, when
we compare the patient’s amount each month, data shows a
similar trend while compared with the year of 2017.

3.2. Using Rubber Dam Can Improve the Cooperation Degree
and Reduce the Operation Time beside the Chair. The Houpt
scores of children in both the experimental group and the
control group during the whole process of treatment were
assessed, and the chairside operation time were counted too
(Table 2). Those results were statistically analyzed, and the
difference was statistically significant (P < 0:05). The
children in the experimental group had a higher degree of
cooperation in the treatment, and the use of rubber dam
shortened the total treatment time.

3.3. Complications of Using Rubber Dam. Intraoperative and
postoperative complications of the root canal treatment in
both the experimental group and the control group were
evaluated by questionnaires and statistical analysis. There
were statistical differences on discomfort and gingival bleed-
ing between two groups and mucosal bleeding caused by
intraoperative saliva suction could be found in the control
group, suggesting that painless anesthesia and pain control
techniques should be further improved before root canal
treatment (Table 3).

4. Discussion

Rubber dam for milk teeth was introduced into our depart-
ment to use since 2017, but usage amount and frequency

Table 1: Houpt’s behavioral rating scale for rubber dam treatment.

Score Description

1 Aborted, no treatment rendered

2
Poor treatment interrupted,

only partial treatment completed

3 Fair treatment interrupted, but eventually all completed

4 Few treatment interrupted, but eventually all completed

5
Very good, some limited crying or movement

(e.g., during anesthesia or mouth prop insertion)

6 Excellent, treatment completed

Table 2: Comparison of Houpt’s score and clinical operation time
between the two groups.

Houpt’s
score (points)

Chairside operation
time (min)

Experimental group 5:80 ± 0:52 13:20 ± 1:81

Control group 5:05 ± 1:01 18:58 ± 2:27

P < 0:01 ð�χ ± sÞ.
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was much lower than that for permanent teeth. Based on the
fact that the clinical pathway of hospital information man-
agement has been included in the treatment of chronic pulpi-
tis of deciduous teeth, the theme of QCC activity is to
increase the usage of rubber dam in root canal treatment of
chronic pulpitis of deciduous teeth.

Rubber dam in root canal treatment has been recognized
as a standard treatment procedure internationally [10]. In
developed countries, rubber dams have been widely used in
children’s oral treatment. A questionnaire survey study
among dentists from China and Japan [11] analyzed the
application of rubber dam in the treatment of pulp disease
of deciduous teeth. The comparative analysis showed that
81.3% of dentists in the Japanese group routinely used rubber
dam in the treatment of pulp disease of deciduous teeth,
while 38.1% of dentists in the Chinese group used rubber
dam, which was significantly lower than that in the Japanese
group. Pediatric dentistry in China started late as an indepen-
dent specialty, with uneven development in different regions.
Meanwhile, China has a large population and insufficient
resources in specialized hospitals. Dentists in general hospi-
tals also undertake a large number of children’s dental diag-
nosis and treatment. Statistics show that [4] the utilization
rate of rubber dam in the affiliated dental hospital is signifi-
cantly higher compared with the dental department of the
tertiary general hospital. In the tertiary general hospital, the
use of rubber dam was not popular. Applying dental dam
in deciduous teeth root canal therapy has unique advantages
[2, 3]. First, children have more saliva and small mouth angle.
Compared with the conventional cotton isolation, applica-
tion of dental dam leads operating space to be relatively clean
and dry. It also reduces chances of infection, so as to improve
the quality and efficiency of the root canal treatment [12].
Second, the oral mucosa of children is more vulnerable to
be impaired than that of adults. Rubber dams can reduce
the stimulation and injury of oral soft tissues caused by the
dental instruments and medications during root canal treat-
ment. However, there are many reasons for the low utiliza-
tion rate of rubber dam in the treatment of milk teeth in
China [13]. Old dentists were unfamiliar with the rubber
dam system and children were afraid of needle injection or
rubber dam clamping [14]. In the process of root canal treat-
ment of deciduous teeth without rubber dam, selection of
lotion and treatment will be affected to certain extent. More-
over, children with low degree of coordination are likely to
swallow or inhale dental instrument materials [15], which
will cause unnecessary medical disputes. In Table 3, it has
been shown that rubber clamp itself may cause intraoperative

discomfort and bleeding during operation. The suitability
between the crown and the rubber dam of the baby teeth still
needs further improvement. Therefore, the use of milk teeth
rubber dam requires the joint efforts of child, parents, den-
tists, and nurses [16]. In addition to communication and
technical training for both dentists and nurses, the advan-
tages and values of using rubber dams must be emphasized
and routine usage should be encouraged. Besides, more suit-
able rubber dam clamp for Chinese children should be
developed.

In order to improve the application, several methods
have been used, such as (1) dental education (videos about
advantages and disadvantages of using rubber dams were
played in the waiting room, operating procedures were
shown as well). So that children and their parents could learn
about rubber dams when waiting for medical treatment. This
would deepen their knowledge on dental treatment and elim-
inate fear; [2] using children’s language through the whole
treatment [17]. To improve their comprehension and coop-
eration, nurses or dentists try to use some right age words
to explain those steps, such as the word “umbrella or rain-
coat,” instead of “dam,” or “give tooth a shower” instead of
“drill the tooth” [18]; [3] normalizing the practice: concen-
trated on learning the indications, contraindications, and
standard operating methods for the rubber dams and con-
ducted model exercises before clinical operation to enhance
operating confidence; [4] experience sharing; and [5] local
anesthesia. Many Chinese were contradicted to the anesthe-
sia. In order to provide a pain-free comfortable treatment,
guardian should sign the treatment informed consent and
perform topical anesthesia or STA (single tooth anesthesia),
so that the operation could be done thoroughly. When local
anesthesia was rejected, topical anesthesia was also provided,
by which discomfort could be relieved. Besides, some more
new methods may be tried in future works [19].

Juntgen et al. [17] found that factors that hinder the
application of new treatment methods in children’s oral
clinic include legality, parents’ acceptance of changes, and
limited resources. Through quality control circle activities,
training of medical staff has been strengthened and popular
dental education of children and parents has been enhanced.
Besides, communication between medical staff and children
and parents during diagnosis has strengthened, parents’
acceptances of rubber dam application have been improved,
and consumption of rubber dam has been effectively
increased in root canal treatment of chronic pulpitis of decid-
uous teeth. Treating children usually involves a one-to-two
relationship between doctors, children, and parents, that is,

Table 3: The comparison of intraoperative and postoperative complications between two groups.

Experimental group (%) Control group (%)

Intraoperative discomfort 10.00 0

Gingival bleeding caused by clamp 30.00 0

Mucosal bleeding caused by saliva suction 0 35.00

Provoke or vomiting 0 55.00

Postoperative discomfort 5.00 5.00

P < 0:01.
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the pediatric dentistry treatment triangle [20]. After carrying
out quality control circle activities, staff, parents, and chil-
dren communicate more in details. And more communica-
tion makes the parents feel cherished, which may shorten
the distance between medical staff and children and parents,
may enhance mutual trust, and may improve children’s obe-
dience and the degree of satisfaction [21]. Children and par-
ents in routine practice play a positive role in promotion of
new technology project [22].

Our department has achieved the target value through
quality control circle activity, but there is still a gap between
the usage of rubber dam in root canal treatment of deciduous
teeth and that of permanent teeth. Compared with the 100%
incidence rate of permanent root canal treatment, the inci-
dence rate of pulpitis root canal treatment was only 67.35%
(the specific data were not shown). This is mainly due to
the treatment of young children with low degree of coopera-
tion. When the defect of the child’s teeth is too large (two
walls are subgingival), or the child’s head movement was
too big, it is unable to spend a long time in the treatment of
the child’s teeth to pile up the tooth wall, which leads some
doctors to give up the use of the rubber dam of the baby teeth.
In order to promote the standardization of the entire activity
results in production and normalized quality management,
several ways have been tried to improve the rubber dam
consumption. Different ring set have been used to fit special
shape tooth, and in the second phase of circle activity, differ-
ent brands of subgingival clamps or the small clips have been
tried. The QCC group published monthly statistics, contin-
ued to carry out relevant training activities such as skills con-
test regularly, and summarized the work and the quarterly
results into the department medical treatment appraisal
system.

Children’s personality, parents’ appropriate preparation
for the clinic, and excellent communication skills of medical
staff are several key factors for the success of oral therapy
[16]. For children who failed to accept the rubber dam after
the first root canal treatment, parents should be instructed
to provide effective comfort and communication to the
children at home, and try to convey the information to the
children and their parents through behavior management
in the next visit [18], so as to improve the use of rubber
dam of milk teeth. Besides, through the Houpt score evalua-
tion system, it has been shown the children in treatment
became more cooperative; in order to eliminate the possibil-
ity that children and parents who are willing to accept RD
have a character of more cooperative and willingness to obey,
in the further research, more questionnaires on parents and
patients should be taken.

Organizing and carrying out quality control circle activity
not only improves work efficiency and causes economic ben-
efits but also reduces medical risks and the working pressure
of medical staff. As a way to improve the quality of clinical
treatment, the effect of quality control circle activity is satis-
factory. Through this quality control circle activity, the ability
of medical staff in our department in finding, analyzing, and
improving problems was enhanced. Through discussion,
preparation, and implementation of corresponding counter-
measures, the usage of rubber dam in root canal treatment of

chronic pulpitis of deciduous teeth was greatly improved.
The scientific research awareness and ability of the circle
members have also been improved in the process of carrying
out this quality control circle activity, which provides certain
practical basis and experience guidance for the next quality
control circle activities of our department.

Data Availability

The data used to support the findings of this study are
available from the corresponding author upon request.
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Objective. To demonstrate various benign gynecologic diseases that can be performed by laparoendoscopic single-site surgery
(LESS) with conventional laparoscopic instruments. Method. Patients with benign gynecologic diseases that need ovarian
cystectomy, fallopian tube resection, or myomectomy were divided into experimental group and control group, and perioperative
outcomes of these patients were analyzed. Results. From November 2017 to May 2018, 65 LESS gynecological surgeries were
performed, among which there were 25 ovarian cystectomies, 28 unilateral fallopian tube resections, and 12 myomectomies. All
the surgeries were completed smoothly, and only one surgery needed one more additional port. No patients have severe
complications. Operative time, intraoperative blood loss, and perioperative complications have no difference between the two
groups. -e LESS laparoscopy group had less postoperative pain scores and longer bowel recovering time, compared with the
conventional laparoscopy group (<0.05). Conclusion. Compared with traditional laparoscopy, LESS surgery with conventional
laparoscopic instruments is feasible and safe, but postoperative exhaust time is longer than the control group.

1. Introduction

As one type of the laparoscopic surgery, the laparoendo-
scopic single-site (LESS) surgery has been developed in an
attempt to further reduce the morbidity and scarring as-
sociated with surgical intervention [1, 2]. Single-site gyne-
cologic Surgery is widely carried out all over the world
during the recent years. More and more gynecological en-
doscopic surgeries use this single-site technology, especially
transumbilical single-port. Many research studies have in-
dicated advantages of it, such as less postoperative pain,
quick recovery, and less skin scar. Some results are con-
flicting [3–10]. -e advantages of LESS are still uncertain. In
this study, we analyzed perioperative and postoperative data
of single-site laparoscopic surgery and multihole laparo-
scopic surgery to explore the difference in clinical efficacy
between the two groups.

2. Methods

-is study was a retrospective study performed in
GuangZhou women and children’s Hospital, from No-
vember 2017 to May 2018. -e study was approved by the
hospital’s ethics committee. All the patients signed the in-
formed consent. -e patients who have a history of previous
abdominal surgery or BMI >30 were excluded. All the
operations were performed by the same doctor who had
completed more than 20 LESS surgeries before the research.
Similar cases in the research period through conventional
laparoscopy were involved into the control group.

2-3 cm longitudinal umbilical incision was measured by
a sterile ruler and single-port access by sequence incision to
the peritoneum through the periumbilical incision. We
inserted the inner ring of the wound retractor and fixed a 6½
size surgical glove on the outer ring of the retractor. One
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10mm trocar and two 5mm trocars were inserted into the
glove fingers and fixed by silk thread. -e 10mm rigid 30°
Karl Storz laparoscopy was inserted into the abdominal
cavity through the 10mm trocar, and the conventional
laparoscopic instruments were inserted through the other
two trocars (Figure 1).

We reviewed all the medical records including the op-
eration time, blood loss, length of hospital stay, bowel re-
covering time, and postoperative Visual Analog Scale (VAS)
score. -e VAS was used to score incisional pain on a 10-
point scale ranging from 0 (no pain) to 10 (worst possible
pain). All the perioperative outcomes of LESS surgery group
were compared with the traditional multiport laparoscopic
surgery groups.

3. Statistical Analyses

-e parametric variables were expressed as mean± standard
deviation (SD), minimum and maximum, and were com-
pared with a t-test. Categorical variables were compared
with a Chi-squared test. We used SPSS 22.0 for statistical
analyses. -e level of statistical significance was set at
p< 0.05.

4. Results

25 ovarian cystectomies, 12 myomectomies, and 28 uni-
lateral fallopian tube resections have been involved in the
LESS group.

In our study, there was no significant difference from the
general clinical data between the two groups of patients
whether performing adnexal surgery, salpingectomy, or
myomectomy. -e differences of hospital stays and bowel
recovering time between the two groups are significant for
the ovarian cystectomies, and the LESS group needed longer
time for bowel recovering (Table 1).

For themyomectomies, there is a significant difference of
bowel recovering time between the two groups, and the LESS
group needs longer time for bowel recovering compared
with the conventional laparoscopy group. -e difference of
24 h pain between the two groups is significant, and the LESS
group has less 24 h VAS compared with the conventional
laparoscopy group (Table 2).

For the salpingectomy, there is a significant difference of
VAS between the two groups. We did not find differences of
other items between the two groups (Table 3).

5. Discussion

Laparoendoscopic single-site surgery (LESS) is a single-port
technique through the umbilicus, in the past 10 years, and it
has emerged as a potentially less-invasive alternative to
multiport laparoscopy. It has enhanced the cosmetic benefit
of minimally invasive surgery. At the beginning, a home-
made single port is easier to get, low cost and has a good
socioeconomic performance, especially for the countryside
hospitals. YH Park was the first person who reported that he
use a homemade single port device to perform lapa-
roendoscopic single-site nephrectomy [11]. Several meta-

analysis researches have been published on the safety and
efficacy of LESS in recent years [9, 12–14]. However, it has
been unclear whether LESS offers benefits over multiport
LH. Sandberg et al. [15] reported that potential benefits were
cosmetic satisfaction and less postoperative pain, but the
small differences for these outcomes appear not to be of
clinical relevance in their systematic review and meta-
analysis report. In our study, most items we observed have
no difference between two groups.

In the application of any new technique, the safety of the
patients is always the most important. In our study, all the
surgeries were successfully performed. After a median fol-
low-up period of 3months, there is no complaint of the LESS
surgery. All the LESS group patients were fully satisfied with
the appearance of the incisions.

Operating time is routinely considered as a parameter
to estimate the surgical learning curve. In our study, there
is no difference for adnexal surgery, salpingectomy, or
myomectomy. We considered there are different possible
reasons for it. (1) Regarding salpingectomy, it is relatively
simple for a doctor who passed the learning curve of
LESS. (2) For myomectomy, although the surgeon faced
additional challenges such as crossing or collision of

Table 1: Clinical characteristics and operative data of ovarian
cystectomy (N� 50).

Variable LESS ConventionalLS p value
Patient age 32.35± 5.32 33.29± 4.89 >0.05
BMI 21.43± 3.15 21.04± 1.70 >0.05
Operating time 114.64± 27.75 106.07± 33.43 >0.05
Blood loss 28.24± 15.78 32.35± 51.56 >0.05
Pain score 24 h 1.29± 0.54 2.88± 0.42 >0.05
Bowel recovering time 1.65± 0.54 1.41± 0.48 <0.05
Hospital stay in days 3.64± 1.26 3.24± 0.92 <0.05

Figure 1: Homemade single-port device made of one retractor and
one glove.
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instruments, lack of triangulation and inline vision in the
LESS group, it will take longer to get the myoma out from
abdominal through uterine circumcisor in the conven-
tional laparoscopy group. But when considering patients
with peritoneal adhesions or previous abdominal surgery
history, LESS surgery is supposed to be more difficult and
longer OR time is needed.

We find VAS score was slightly lower in the LESS
group at postoperative 24 hours for the salpingectomy, and
this difference has statistical significance. Sangnier et al.’s
[16] retrospective study involving 87 patients who un-
derwent adnexal surgery indicated that there was no
difference in pain scores at 2 or 24 hours after surgery.
Jeong Eom’s prospective case-control study which in-
cluded 399 women indicated that the pain score was
significantly lower in the LESS group compared with the
conventional laparoscopic surgery group only at 2 hours
after surgery, but no differences in VAS score at 48 and 72
hours after surgery [17]. -ey suspected that patient-
controlled analgesia narrowed the difference in pain of the
two groups. In our study, the result of postoperative pain is
similar to Eom’s research.

-e homemade single-port has some advantages and
disadvantages [18, 19]. Advantages are (1) because each
trocar is not fixed on the single port, the space between the
trocars is more flexible and (2) it is much cheaper than the
made-up single port. -e disadvantages are (1) the glove is
easily broken and (2) it is not very convenient to assemble.
According to our experience, after the learning curve, the
conventional instruments are up to most of the surgeries.

-e present study has several limitations. First, the
number of patients was small, and follow-up was over the
short term. Second, the differences between the preoperative
and postoperative results were minimal and may have
resulted from a type II error.

6. Conclusion

LESS surgery is less invasive, suitable and safe for gyneco-
logical surgery. -e homemade single-port device is cheap
and suitable to spread especially in the developing region.
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Background. Large scalp defects, especially those complicated by calvarial defects, titanium mesh exposure, or cerebrospinal fluid
(CSF) leak, pose a challenge for the neurosurgeon and plastic surgeon. Here, we describe our experience of reconstructing the
complex scalp defect with free flap transfer. Methods. From October 2012 to September 2017, 8 patients underwent free flap
transfer for the reconstruction of the scalp or complicated scalp and calvarial defects. Five patients presented with scalp tumor and
the other 3 patients with scalp necrosis or ulceration (2 patients with titanium plate exposure). Seven anterolateral thigh flaps and
one radial forearm flap were harvested and employed. 3e clinical data, including defect characteristics, flap type, complications,
and outcomes, were recorded and analyzed. Results. Five patients were pathologically diagnosed with malignant tumor, and 3 of
them were given further radiotherapy. For the 2 patients with exposure of titanium plate, no titanium plate was removed. For the
patient with scalp necrosis after decompressive craniectomy accompanied by CSF leakage, the CSF leak was stopped after
reconstruction. 3e size of the flaps ranged from 3 to 14 cm in width and 4 to 18 cm in length. No flap failure occurred in these
cases. From follow-up to the present, no ulceration or necrosis occurred. Conclusions. Free flap transfer is an ideal method for the
reconstruction of large, complicated scalp defects with a one-stage operation. 3e anterolateral thigh flap is favored because of its
durability, adjustability, water tightness, and infection prevention.

1. Introduction

Large scalp defects are usually secondary to a variety of
diseases, such as tumor resection, trauma, infection, and
congenital lesions [1, 2]. Reconstruction of the defects
should take a comprehensive consideration of size, location,
radiation history, and potential for hairline distortion [3].
When the scalp defect is accompanied by a calvarial or dural
defect, for example, from scalp and skull bone excision due
to tumor invasion, scalp necrosis after decompression
surgery, scalp atrophy, or necrosis after titanium plate
implant, more related factors affect the therapeutic strategy.
3e soft tissue coverage of the defect areas, maintaining the
enclosed space for the intracranial contents, sealing the

leakage of the cerebrospinal fluid (CSF), and endurance to
radiation are all common concerns. 3is is a challenge for
neurosurgeons and plastic surgeons and requires close
collaboration between them.

3e reconstructive ladder of scalp defects includes pri-
mary closure, split-thickness skin graft, local flap, rotated
local flap and skin graft, and free flaps. For the large size of
soft tissue defects on the scalp, reconstruction with local flap
is restricted to the inelasticity and rotation angle. Free flap is
the only available method to cover the defect. Currently,
there is a lack of consensus regarding which procedure is
superior in large and complicated scalp reconstruction. In
this retrospective study, we present our experience with the
reconstruction of scalp defects with free flap transfer. 3e
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patients and defect conditions, reconstructive options, ad-
vantages of free flap transfer, and complications are de-
scribed and discussed.

2. Materials and Methods

2.1. Patient Data. 3is retrospective study was approved by
the ethics committee of Guangzhou First People’s Hospital.
All the patients provided written informed consent for the
use and publication of data for research purposes. Eight
patients with scalp defect underwent free flap reconstruction
in Guangzhou First People’s Hospital from October 2012 to
September 2017 (Table 1). Four men and 4 women were
enrolled in this research. 3e patients’ ages ranged from 27
to 70 years (mean, 50 years; median, 51 years). Five patients
were diagnosed with scalp tumor (Figures 1(a) and 2(a)).
Two patients presented with ulcer of the scalp with titanium
plate exposure (Figure 2(d)). 3e remaining 1 patient had
scalp necrosis after decompressive craniectomy accompa-
nied by CSF leakage.3e area of the defect was located in the
forehead region (1 case), the frontoparietal region (1 case),
the frontal region (1 case), the lateral occipital region (1
case), the parietal to occipital region (2 cases), and the
temporal region (2 cases).

2.2. Surgical Technique. All the patients received a routine
preoperative examination. No signs of general or local in-
fection were found. For the patients with scalp malignancies,
tumor infiltration of the periosteum or skull was evaluated,
and excision of the skull bone was performed accordingly.
For the cases of titanium mesh exposure or scalp necrosis,
thorough debridement and excision of the nonvascularized
tissue were accomplished. All the reconstructive procedures
were performed by the same surgeon. An anterolateral thigh
(ALT) fasciocutaneous flap was employed in 7 patients
(Figures 2(b) and 2(c)) and a radial forearm flap was used in
1 patient (Figures 2(e) and 2(f)). 3e facial artery and facial
vein were anastomosed with the vessel pedicle of the flap
passing through the subcutaneous tunnel in 6 cases.
Branches of the external carotid artery and superficial
temporal artery were used as the recipient artery in 1 case.
3e muscular component was not harvested in most cases.
When elimination of “dead space” was necessary, proper
bulk of muscle was preserved (Figure 1(c), arrow). 3e
superficial temporal artery and vein were used in 1 case. 3e
follow-up period was 3 to 36 months.

3. Results

3e pathology of 5 cases diagnosed as malignant scalp tumor
included squamous cell carcinoma (2 cases), basal cell
carcinoma (2 cases), and adenocarcinoma (1 case). Two
patients underwent partial calvarial excision and titanium
mesh implantation, as the skull was invaded by the tumor.
3ree patients (including the 2 patients with titaniummesh)
were treated with further radiotherapy, and the other 2
patients refused radiotherapy. 3e ALT flaps were used in 7
patients, and the radial forearm flap was employed in 1 case.
3e size of the flaps ranged from 3 to 14 cm in width and 4 to

18 cm in length. Fasciocutaneous flaps were harvested for
reconstruction. 3e remaining 3 patients, 2 patients with
titanium mesh exposure and 1 patient with scalp necrosis
and CSF leak after decompressive craniectomy (Figure 3(a)),
were reconstructed with fasciocutaneous flap as well. 3e
patients were followed-up from 3 to 36 months. No major
complications such as flap failure, vascular pedicle throm-
bosis, necrosis, or ulceration after radiation occurred. 3e
survival rate of the flaps was 100%. Wound dehiscence was
found in 2 cases, and the incisions healed after local resu-
turing. 3e patient with CSF leak had resolution of the leak
after flap reconstruction. No secondary infection occurred.
Neither CSF leakage nor extradural effusion was found. 3e
donor site defects of 6 patients were primarily closed, and 2
patients received split-thickness skin grafting.

3.1. Case 1. A 62-year-old woman was diagnosed with ad-
enocarcinoma with tumor invasion of the right mastoid and
occiput (Figure 1(a)). An extensive excision of the tumor,
underlying the skull bone and regional lymph node, was
performed with titanium mesh implantation (Figure 1(b)).
An ALT flap (13×15 cm) was used to cover the scalp defect
(Figures 1(c) and 1(d)). 3e patient subsequently underwent
radiotherapy, and within the 12-month follow-up period, no
tumor relapse or flap abnormality were found (Figure 1(e)).

3.2. Case 2. A 54-year-old woman in a persistent vegetative
state had scalp necrosis at the incision of a previous
decompressive surgery (Figure 3(a)). A CSF leak was found
along the lesion, but no general or local infection was found.
A thorough debridement of the lesion was performed before
an ALT flap (7×12 cm) was used to reconstruct the defect
(Figure 3(b)).3e CSF lead was stopped postoperatively, and
the condition of the flap was uneventful in the 9-month
follow-up period (Figure 3(c)).

4. Discussion

Large full-thickness scalp defects are a refractory problem
for treatment due to the low elasticity of the scalp. Primary
closure or local flap transposition is insufficient for recon-
struction of large defects or is prone to subsequent atrophy
and ulceration due to improper tension. 3e detailed con-
ditions of each patient should be taken into consideration
[3]. For example, the condition of the adjacent scalp of the
defect, concomitant scalp and calvarial defects, scalp defects
with previous foreign material implantation, the possibility
of subsequent radiotherapy, and the general condition of the
patient are all closely related to the reconstructive choice.
3e 2 cases presented in detail were especially difficult. Of
the 5 patients diagnosed with scalp tumor (including
squamous cell carcinoma, basal cell carcinoma, adenocar-
cinoma, and dermatosarcoma), 3 of them were treated with
further radiotherapy (Figures 2(a)–2(c)), and 2 of these 3
patients underwent titanium plate implantation, as the skull
was invaded by the tumor. 3e ideal reconstructive method
should be enough to cover the defect with proper tension,
require the least operative time, and be durable for any
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subsequent radiotherapy. 3e remaining 3 patients had brain
hemorrhage or brain injury followed by at least two cranial
surgeries before the necrosis or ulceration of the scalp. Two
patients presented with exposure of the titanium mesh
(Figure 2(d)). For the patient who had not had a cranioplasty,
CSF leakage occurred. 3is particular patient was in a per-
sistent vegetative state and had malnutrition. Fortunately, no
intracranial infection was observed in this patient. Based on
all these adverse factors, reconstructive procedures must be
well vascularized, watertight, and able to prevent infection [4].
Although small forehead defects can be effectively repaired by
reversed temporal island flap [5], the condition of sur-
rounding scalp, temporalis, and superficial temporal artery
should be in good condition. Our patient bearing the forehead

scalp defect had previously experienced times of surgeries
which resulted in a vulnerable blood supply and poor con-
dition of nearby scalp (Figure 2(d)). Under this situation, free
flap transfer offered a more stable coverage.

3e microsurgical free flap transfer for the reconstruc-
tion of the scalp has developed ever since it was first per-
formed byMcLean and Buncke [6]. In its first application, an
omental flap was used to reconstruct a large scalp defect.
Although the omental flap was not accepted by later sur-
geons because of the creation of the laparotomy, the concept
of free tissue transfer impressed surgeons. Various donor
sites for free flap transfer were achieved and described in
articles, including the latissimus dorsi musculocutaneous
flap, the radial forearm flap, and the rectus abdominis

Table 1: Clinical data of patients.

Patient Age Sex Etiology Location Treatment and flap
Flap size

(width ∗ length,
cm)

Follow-up
(months)

1 27 Male Ulcer with titanium plate
exposure Forehead RF flap transfer 3 ∗ 4 3

2 64 Male Malignant tumor Parietal-
occipital ALT flap transfer 10 ∗ 12 36

3 70 Female Malignant tumor Frontoparietal ALT flap transfer 7 ∗ 9 6

4 54 Male Malignant tumor Parietal-
occipital

ALT flap transfer, titanium
mesh implantation 12 ∗ 18 12

5 58 Female Malignant tumor lateral
occipital

ALT flap transfer, titanium
mesh implantation 13 ∗ 15 12

6 47 Female Necrosis after decompressive
cranioectomy, CSF leak Temporal ALT flap transfer 7 ∗ 12 9

7 38 Female Ulcer with titanium plate
exposure Temporal ALT flap transfer 9 ∗ 13 12

8 41 Male Malignant tumor Frontal ALT flap transfer, titanium
mesh implantation 14 ∗ 18 6

Figure 1: An anterolateral thigh (ALT) flap was adopted to reconstruct the complicated scalp defects of a 62-year-old female patient. (a)3e
lesion was located at right lateral occipital region. (b) A radical excision of the lesion, skull bone, and relevant lymph nodes was performed
with a titaniummesh implanted. (c) An ALT flap was harvested with part of quadriceps to fill the dead space. (d)3e postoperative image of
the patient. (e) 3e patient received radiotherapy and the flap maintained scalp contour at 12-month follow-up.
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myocutaneous flap, to name a few [7–10]. 3e latissimus
dorsi musculocutaneous flap and radial forearm flap were
popularly used before 2000, and the ALT was more fre-
quently adopted later [11]. Skin graft and posture change
during surgery are the disadvantages of the latissimus dorsi
flap. As for the radial forearm flap, inadequate size for large
defects is the major limitation. 3e rectus abdominis muscle
flap was a commonly used flap, whereas donor site com-
plications are a major shortcoming. 3e ALT flap has gained
more attention for tissue defect reconstruction after the
description of Song et al. [12], after which this type of flap
was technically refined and advocated by surgeons and

widely used for reconstructive surgeries [13–16]. 3e ad-
vantages of the ALT flap include no requirement of position
change during surgery, a long vascular pedicle with suitable
size for microsurgical anastomosis, enough wide and long
cutaneous area, usually direct closure of the donor-site
defect, and acceptable morbidity. Moreover, the adequately
vascularized fascia component of the flap is helpful to
prevent CSF leakage and secondary infection [17].

Nowadays, the reconstruction of scalp defects still re-
mains challenging. Limited sources of local or regional flaps
due to the inelasticity of the scalp restrict the practice of
primary closure or local flap transposition in most situations

Figure 2: Typical cases of free flap transfer in the reconstruction of the complicated scalp and calvarial defects. (a) A patient presented with giant
scalp tumor and the tumor with the invaded skull bone was resected. (b) An ALT flap was adopted to reconstruct the scalp defect (a titanium
mesh was used to reconstruct the skull defect). (c) 3e flap maintained the scalp contour with durable coverage of the defect. (d) A patient
presented scalp defect and titanium exposure. 3e patients experienced several operations and the situation of adjacent scalp was poor. (e) A
radial forearm flap was harvested for the reconstruction. (f) 3e vessels of the flap were anastomosed to the right superficial temporal vessels.

Figure 3: An ALT flap was used to reconstruct the complicated scalp and calvarial defects of a female patient after decompressive
craniectomy. (a) 3e patient presented with scalp necrosis and cerebrospinal fluid leak. (b) An ALT flap was used to reconstruct the defect.
(c) 3e situation of the flap at 9-month follow-up without CSF leak.
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of large scalp defects. Moreover, the compromised blood
supply and quality of the adjacent scalp affected by previous
surgeries limit the application of a local flap. When closing
defects accompanied by titanium exposure or CSF leak,
multiple-stage procedures (e.g., removing the titaniummesh
and replacing it after wound healing) increase the suffering
of the patient. Based on all these factors and our experience,
free flap transfer is themost reliable and preferred choice in a
one-stage operation.

In our study, the ALT flap was chosen in 7 of 8 cases. One
patient with small defects was given a radial forearm flap
(Figure 2(e) and 2(f)). 3e relative thinness and adjustable
thickness compared with the dorsi latissimus flap are im-
portant merits that make the ALT flap adaptable for different
defect depth, either a superficial scalp defect due to cra-
nioplasty or a relatively deep defect without cranioplasty. As
mentioned previously, avoiding postoperative infection
from foreign matter and CSF leak are also major concerns.
3e ALT flap offers adequate vascularization both for the
dura and the scalp, which is more effective for the prevention
of infection than skin grafts or local flaps. 3e watertight
fascia layer of the ALT fasciocutaneous flap is an ideal au-
tologous material for sealing the CSF leak [4, 18, 19].

3e complication of free flap transposition includes flap
failure, vascular pedicle thrombosis, donor site hematoma,
calvarial oseteomyelitis, and wound dehiscence. Of our
patients, no flap failure or vascular pedicle thrombosis oc-
curred. In addition, no intracranial complications or CSF
leak occurred postoperatively. Wound dehiscence occurred
in 2 patients, and the wounds healed after local revision.

3e limitations of this study are that the sample size is
relatively small and the experience results from a single
medical center. A further multicenter study may offer more
powerful evidence and experience of the reconstruction of
the complex scalp defects.

5. Conclusions

In summary, free tissue transfer is an excellent method for
reconstruction of scalp defects, especially in complicated
situations such as calvarial defects, titanium plate exposure,
or CSF leakage. 3e ALT flap is ideal for large scalp re-
construction with the advantages of durability, adaptability,
infection prevention, and watertightness.
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/e Akt plays an important role in regulating cardiac growth, myocardial angiogenesis, and cell death in cardiac myocytes.
However, there are few studies to focus on the responses of the Akt pathway to cardiac contractility modulation (CCM) in a
chronic heart failure (HF) model. In this study, the effects of CCM on the treatment of HF in a rabbit model were investigated.
/irty six-month-old rabbits were randomly separated into control, HF, and CCM groups. /e rabbits in HF and CCM groups
were pressure uploaded, which can cause an aortic constriction. /en, CCM was gradually injected to the myocardium of rabbits
in the CCM group, and this process lasted for four weeks with six hours per day. Rabbit body weight, heart weight, and heart
beating rates were recorded during the experiment. To assess the CCM impacts, rabbit myocardial histology was examined as well.
Additionally, western blot analysis was employed to measure the protein levels of Akt, FOXO3, Beclin, Pi3k, mTOR, GSK-3β, and
TORC2 in the myocardial histology of rabbits. Results showed that the body and heart weight of rabbits decreased significantly
after suffering HF when compared with those in the control group. However, they gradually recovered after CCM application./e
CCM significantly decreased collagen volume fraction in myocardial histology of HF rabbits, indicating that CCM therapy
attenuated myocardial fibrosis and collagen deposition. /e levels of Akt, FOXO3, Beclin, mTOR, GSK-3β, and TORC2 were
significantly downregulated, but Pi3k concentration was greatly upregulated after CCM utilization. Based on these findings, it was
concluded that CCM could elicit positive effects on HF therapy, which was potentially due to the variation in the Pi3k/Akt
signaling pathway.

1. Introduction

Chronic heart failure (CHF) is the terminal stage of various
structural and functional cardiac diseases [1]. /is disease
can cause a progressive reduction in cardiac output since it
depresses the cardiac contractility and influences the con-
duction pathways as well by causing a delay in the onset of
right or left ventricular systole [2,3]. Although many efforts
have already been attempted to treat the CHF in the past
decades, such as beta-blockers of metoprolol, bisoprolol,
bucindolol, nebivolol, atenolol, and carvedilol [4,5], it still is
one of the most common and a complex disease to tackle,
and as a result, approximately 30 percent of patients are
suffering from this disease worldwide [6].

It is well known that the pathological cardiac dysfunction
is contributed to myocardial hypertrophy and cell apoptosis
[7], which is influenced by the Akt, a serine/threonine
protein kinase, also known as protein kinase B [8]./e Akt is
the effector of Pi3k and is essential during postnatal cardiac
development that is achieved predominantly by hypertrophy
rather than hyperplasia of individual cardiomyocytes [9]. It
suggested that increasing Akt expression in cells could
promote their hypertrophy and hyperplasia. /e Akt also
plays an important role in T-lymphocytes and prostate cells
to promote lymphoma and prostate cancer [10]./erefore, it
is critical to investigate the variation in protein levels in a
CHF model and then develop potential methods to prevent
this disease from becoming worse.
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Cardiac contractility modulation (CCM) is a series of
nonexcitatory signals which can be applied during the ab-
solute refractory period to enhance the strength of left
ventricular contraction without increasing myocardial ox-
ygen consumption [11,12]. /e process of contraction force
increasing is mediated by reversing the molecular remod-
eling and restoring the expression of several calcium-han-
dling proteins in myocardial hypertrophy with heart failure
(HF) [13]. Also, it was reported that CCM could significantly
alter the cytoskeleton proteins and matrix metal-
loproteinases [14]. /e Pi3k/Akt signaling pathway was
activated by a serious of internal- and external-cellular
proteins via the phosphorylation at /r 308 and Ser 473 [8].
/erefore, the effects of CCM on attenuating the CHF are
possibly contributed to the variation in Akt pathway signals
and related proteins. Until now, there are few studies to
focus on the responses of the Akt pathway proteins to the
CCM in a rabbit model with HF. In this study, the effects of
CCM application in rabbits with HF on their body and heart
weight, heart beating rate, collagen volume fraction, Akt,
FOXO3, Beclin, pi3k, mTOR, GSK-3β, and TORC2 ex-
pression in cardiac myocytes were investigated.

2. Materials and Methods

2.1. Animals. /irty six-month-old healthy New Zealand
white rabbits (2.5–3.5 kg) were obtained from the Experi-
mental Animal Center of Hebei Medical University (HMU)
and housed with 12-hour dark/light cycle for free access to
food. /is study complied with standards for the Care and
Use of Experimental Animals of HMU and the Guide for the
Care and Use of Laboratory Animals published by the US
National Institutes of Health. All experimental procedures
were approved by the Ethics Review of Lab Animal Use
Application of Hebei Medical University.

2.2. ExperimentalDesign andManagement. /e rabbits were
randomly separated into three groups, namely, control, HF,
and CCM groups, and each group contained 10 rabbits. /e
rabbits in the control group only received thoracotomy. /e
HF is characterized by the transition from an initial com-
pensatory response to decompensation, which can be par-
tially mimicked by transverse aortic constriction in rodent
models [15]./erefore, in the HF group, rabbits were treated
by thoracotomy and ascending aortic cerclage./e rabbits in
the CCM group suffered from thoracotomy, ascending
aortic cerclage, and CCM application with a period of 4
weeks after HF occurred.

/e rabbits in HF and CCM groups were anesthetized via
the ear vein with 3% sodium pentobarbital at 1ml/kg body
weight, and their thoracic cavities were opened. Subse-
quently, their ascending aorta was dissected until the aorta
circumference was constricted up to 60%. After 12 weeks,
symptoms of heart failure occurred in the rabbits, including
appetite reduction, breathing acceleration, and fewer ac-
tivities. /e HF model was thought to be successfully
established while the left ventricular ejection fraction
reached 40%.

Before the experiment, an electrode was used to deliver
CCM. Specifically, one end of the electrode was sutured to
the left ventricular anterior wall of rabbits, and the other end
was punctured subcutaneously to the neck. /en, a cardiac
stimulator (EPS320, BARDMicro-Pace, Inc., USA) was used
to deliver CCM signals to the heart by sensed R-wave at the
absolute refractory period. /ese signals consisted of bi-
phasic square-wave pulses with phase duration of 2ms,
stimulus amplitude of 7V, and 30ms delay after R-wave
sensing [16]. /e CCM signals lasted 6 hours per day for a
consecutive 4 weeks.

2.3. Sample Collection and Analysis

2.3.1. Histology and Immunohistochemistry. At the end of
the experiment, all rabbits were anesthetized with 0.5mg/g
tribromoethanol. /en, the hearts were fixed in 4% para-
formaldehyde solution before storage for 10min at − 20°C.
/e hearts were sectioned transversely across myocardial
papillary muscle before completely covered by paraffin.
Myocardial histologic sections (5 μm thickness) were slightly
cut from the paraffin blocks and stained with 1% hema-
toxylin and eosin (H&E) and Masson’s trichrome for 10min
at 37°C for histopathological analysis of myocardial fibrosis
[17]. Afterward, all slices were fixed with 4% paraformal-
dehyde and photographed with a high-resolution digital
microscope (×400; BX-51; Olympus, Tokyo, Japan). /e
collagen volume fraction (CVF) was calculated as the
connective tissue areas divided by the total area of con-
nective tissue and muscle [17].

2.3.2. Western Blot Analysis. /e total protein was ob-
tained from leaf ventricular myocardial tissues after ex-
traction with the RIPA lysis buffer (P0013B, Beyotime,
Chine). Protein concentration was measured by the
Pierce™ BCA Protein Assay Kit (/ermo Scientific, USA).
A total of 60 μg total protein was electrophoresed and
separated with 10% SDS-PAGE and transferred onto ni-
trocellulose membranes (Millipore, US). After blocking
with 5% fat-free milk at room temperature for 2 h, the
membrane was incubated overnight at 4°C with primary
antibody raised in mice against Akt (1 : 1000), FOXO3 (1 :
1000), Beclin (1 : 1000), Actin (1 : 1000), pi3k (1 : 1000),
mTOR (1 : 1000), p-Akt (Ser473, 1 : 1000), GSK-3β (1 :
1000), and TORC2 (1 : 1000). All antibodies were pur-
chased from Cell Signaling Technology (USA). /en, the
membranes were incubated with HRP-conjugated sec-
ondary antibodies (1 : 2000; Cell Signaling Technology,
USA) at room temperature for two hours. /e immu-
noreactive bands were visualized using the enhanced
chemiluminescence kit (ECL Millipore Corp., Bedford,
MA, USA) in a western blotting detection system (Bio-
Rad, CA, USA). Developed films were scanned and Image-
ProPlus 5.1 was used for quantitative analysis. In this
experiment, β-actin (1 : 1500, Bioss, Beijing, China) was
used as the standard and the results were expressed as
density values normalized to β-actin.
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2.3.3. Statistical Analysis. Data were presented as mean-
± standard deviation. /e main effect of treatment was
analyzed by using Mixed proc in the SAS software (SAS 9.4
version, SAS institute, USA), and the differences among
groups were analyzed using the LSD test. For the heart rate,
the sampling dates were treated as a repeated measurement.
Shapiro–Wilk was used to test the normality assumption on
the residuals of each model, while residual plots were used to
verify the homogeneity of variances. When the normality
assumption was not met, response variables were trans-
formed using the Box-Cox transformation. All analyses were
performed using the Mixed procedure of SAS (SAS software,
version 9.4, Cary, NC. USA) at a significant level of p< 0.05.

3. Results

3.1. Rabbits Survival and Healthy Conditions. At the end of
this experiment, 27 rabbits survived (i.e., 9 rabbits in each
experimental group), which met the criteria of HF. /eir
weight, including body and heart weight, significantly de-
creased for HF rabbits when compared with those in the
control group and they progressively increased after CCM
application (Table 1). /e CCM signals significantly de-
creased the heart rate of HF rabbits, and similar heart beat
rates were observed between rabbits in control and CCM
groups (Table 1).

3.2. Effects of CCM Utilization on Histological Changes.
Regarding the heart tissue section photomicrographs of
different treatments stained with H&E, we observed the
slightly disordered arrangement of myocardial cells, partial
myocardial necrosis, and fibrous tissue proliferation and
inflammatory cells infiltration in the HF group while
compared with those in the control group. /ese patho-
logical variations were partly recovered after the CCM ap-
plication (Figure 1(a)).

To assess the changes in cardiac interstitial fibrosis,
histological sections of the heart were stained with Masson’s
trichrome, and the CVF were also examined. Heart tissue in
the HF group rabbits presented a massive and intensive
collagen accumulation when compared with those in the
control group (Figure 1(b)). But, the fibrotic heart tissue area
greatly decreased after CCM application. Similar results
were observed for the CVF, which indicated that it signif-
icantly increased after obtaining HF and then decreased
obviously after CCM signals were applied (Figure 1(c)).

3.3. Effect of CCM on Heart Tissue Protein Expressions. In
this study, three isoforms of Akt, including Akt1, Akt2, and
Akt3, were investigated and they showed similar tendency
after CCM application (Figure 2). Results of western blot
analysis showed that CCM application and HF disease
significantly increased the Akt levels, which suggested that
HF and CCM upregulated Akt expressions in the rabbit
model (Figure 2).

Compared with the control group, the expressions of
FOXO3 and Beclin increased more significantly in the HF
group and their concentrations markedly decreased after

CCM treatment (Figures 3(a), 3(b), and 3(e)). Contrarily,
Pi3k concentrations greatly decreased in rabbits of the HF
group as compared with the control group, and it was
significantly upregulated while the CCM signals were used to
the HF rabbits (Figures 3(c)–3(e)). Compared with the
control group, the mTOR, GSK-3β, and TORC2 expressions
were sharply upregulated in the HF group and then sig-
nificantly downregulated after CCM was used (Figure 4).

4. Discussion

/e Akt family of serine-threonine kinases participates in
diverse cellular processes, including the promotion of cell
survival, glucose metabolism, and cellular protein syn-
thesis in cardiac myocytes [8]. Generally, Akt contains
three isoforms of Akt1, Akt2, and Akt3. In the heart,
short-term Akt1 activation promotes cardiac growth
[18], whereas long-term Akt1 activation induces path-
ological hypertrophy [19] because overexpression of the
myristoylated form of Akt1 gene induces hypertrophy,
leading to heart failure [20]. Similar to Akt1, Akt3
overexpression in the heart results in progression from
adaptive to maladaptive hypertrophy [21]. In the rabbit
model of our study, CCM operation significantly de-
creased the Akt1 and Akt3 levels, which are significantly
lower than those in the HF group and higher than those
in the control group (Figures 2(a) and 2(c)). Additionally,
our results were supported by [22] reporting that Akt2
overexpression enhanced the murine sensitivity to car-
diomyocyte apoptosis in response to ischemic injury. In
our results, CCM application slightly decreased the Akt2
expression when compared with the HF group
(Figure 2(b)), which could be potentially beneficial for
the rabbits to partly recover from HF.

FOXOs are key transcription factors involved in multiple
aspects of cardiac diseases. Generally, mammalian cells
contain four FOXO isoforms of FOXO1, FOXO3, FOXO4,
and FOXO6, and FOXO3 is the most abundant isoform
expressed in hearts [23] and its metabolism in tissues was
closely related to the Akt because Akt could control FOXO3
expression in the heart [24]. /us, cardiac regeneration may
be promoted by proper control of FOXO3 activity. Over-
expression of Beclin, a proautophagy protein, stimulates

Table 1: Effects of cardiac contractility modulation (CCM) on the
experimental rabbit body weight, heart weight, and heart rate
(n� 27).

Group Body weight
(kg)

Heart weight
(g)

Heart rate
(bpm)

Control 3.2± 0.4a† 121± 14a 228± 6a
HF 2.5± 0.2c 86± 9b 258± 11b
CCM 2.9± 0.1b 111± 20a 240± 19a

ANOVA
Body weight Heart weight Heart rate

Treatment‡ 0.021 0.001 0.011
Data are presented as mean± SEM and analyzed by Mixed Proc with SAS
software. HF; heart failure. †Different letters in each column shows the
significant differences at p< 0.05. ‡Treatment included control, heart
failure, and cardiac contractility modulation groups.
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Figure 1: Effects of cardiac contractility modulation (CCM) on myocardial histological changes (a) and (b) microphotography (400x) of
myocardial samples from experimental rabbits. (c) Collagen volume fraction of rabbit myocardial tissues with different treatments. HF,
heart failure. Different letters above each boxplot showed the significant differences at p< 0.05.
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control group; HF, heart failure. Different lower letters above each boxplot showed the significant differences at p< 0.05.
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autophagy and exacerbates cardiac dysfunction and path-
ological remodeling [25]. In our study, higher FOXO3 and
Beclin expressions were observed in rabbits with HF com-
pared with those in the control group, and CCM signals
application significantly decreased their expressions

(Figure 3). Wu et al. [26] reported that the activation of Pi3k
expressions in the mouse heart could prevent cardiac
remodeling. In this study, lower Pi3k expressions were
observed in the HF group than in the control group, and
their concentrations significantly increased in the CCM
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Pi3k (α110)

Pi3k (α85)

HF CCMCK

(e)

Figure 3: Effects of cardiac contractility modulation (CCM) on FOXO3, Beclin, Pi3k(α110), and Pi3k(α85) expression in different rabbit
myocardial tissues under different treatments. (a) FOXO3 expression; (b) Beclin expression; (c) Pi3k(α110) expression; (d) Pi3k(α85)
expression; and (e) western blot images of FOXO3, Beclin, Pi3k(α110), and Pi3k(α85). CK, control group; HF, heart failure. Different lower
letters above each boxplot showed the significant differences at p< 0.05.
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Figure 4: Effects of cardiac contractility modulation (CCM) on mTOR, p-mTOR, GSK-3β, and TORC2 expression in different rabbit
myocardial tissues under different treatments. (a) mTOR expression; (b) p-mTOR expression; (c) GSK-3β expression; (d) TORC2 ex-
pression; and (e) western blot images of mTOR, p-mTOR, GSK-3β, and TORC2. CK, control group; HF, heart failure. Different lower letters
above each boxplot showed the significant differences at p< 0.05.
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group (Figures 3(c) and 3(d)). Combining the results of
FOXOs mainly plays a detrimental role [24], and Beclin
expression causes the heart dysfunction; it was concluded
that CCM is a potential method to attenuate HF by adjusting
FOXO3, beclin, and Pi3k expressions in cardiac
cardiomyocytes.

As reported from the previous literature, the anabolic
effects of Akt are mediated, in part, through activation of
mammalian target of rapamycin (mTOR) [27] and inhibi-
tion of glycogen synthase kinase-3β (GSK-3β). Activation of
mTOR stimulates protein translation through its effects on
p70 ribosomal S6 kinase (p70 S6K) and eukaryotic trans-
lation initiation factor 4E binding protein-1 (eIF4E-BP) [28].
However, Akt-mediated phosphorylation of GSK-3β [29]
stimulates protein translation [30] by diminishing its in-
hibitory phosphorylation of eIF2B [31]. AKT (Ser473) is the
downstream effector of mTORC2 [32], which means that
while AKT (Ser473) is activated, suggesting that CCM could
activate mTORC2 signaling. In the present study, we ob-
served that CCM application significantly decreased the
mTOR, GSK-3β, and TORC2 expression in myocardial cells
in rabbits while compared with those in the HF group
(Figure 4). Based on these findings, it was concluded that
CCM therapy could prevent myocardial fibrosis in heart
failure which is possibly related to the change in the PI3K/
AKT signaling pathway in a rabbit model.
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Background. Metformin has been reported to decrease insulin resistance and is associated with a lower risk of pregnancy-induced
hypertension and preeclampsia. It is widely accepted that the placenta plays a crucial role in the development of preeclampsia. Our
aim is to explore the effect of metformin on preeclampsia. Study Design. We examined control diet-fed (isocaloric diet) pregnant
mice (CTRL group), pregnant mice fed a high-fat diet (HF group), and high-fat-diet-fed pregnant mice treated with metformin
(HF-M group). ,e HF mice were fed a high-fat diet six weeks before pregnancy to establish a preeclampsia-like model; then, the
group was randomly divided into a HF group and a HF-M group after pregnancy. Blood pressure, urine protein, pregnancy
outcomes, protein expression, and histopathological changes in the placentas of all groups were examined and statistically
analysed. Results. We observed that metformin significantly improved high blood pressure, proteinuria, and foetal and placental
weights in the HF-M group compared with the HF group. Metformin significantly improved placental labyrinth and foetal
vascular development in preeclampsia. In addition, metformin effectively increased matrix metalloproteinase-2 (MMP-2) and
vascular endothelial growth factor (VEGF) levels in the placenta. Conclusions. Our results suggest that metformin can improve
preeclamptic symptoms and pregnancy outcomes.

1. Introduction

Preeclampsia is characterized by the onset of high blood
pressure and proteinuria and results in substantial maternal
and neonatal morbidity and mortality [1–3]. Type 1 and type
2 diabetes (T2DM), gestational diabetes (GDM), and
polycystic ovarian syndrome (PCOS) are also risk factors for
preeclampsia [4]. Specifically, women with T2DM have high
rates of maternal morbidity, including gestational hyper-
tension and preeclampsia (17–19%) [5–8]. Moreover, some
reports have demonstrated that an increased body mass
index (BMI) increases the risk of preeclampsia and that
obesity is an important risk factor for preeclampsia [9, 10].

Metformin (1,1-dimethylbuguanide hydrochloride), an
oral biguanide insulin sensitizer, is a low-cost, low-risk,
effective and approved oral hypoglycaemic agent for T2DM
and is an important treatment option for patients with GDM
[11, 12]. An increasing number of patients with PCOS or

diabetes have used metformin during pregnancy, and re-
searchers have found that metformin is associated with a
lower risk of pregnancy-induced hypertension [11, 13].
Importantly, metformin is associated with a lower risk of
neonatal hypoglycaemia and neonatal intensive care ad-
mission [14]. ,e available data also suggest that metformin
exposure during the first trimester is not associated with
major congenital malformations but reduces the risks of
early pregnancy loss, preeclampsia, preterm delivery, and
GDM, prevents or attenuates antipsychotic-associated
weight gain, and improves conception chances and preg-
nancy outcomes in the presence of PCOS [14–20].

It is widely accepted that preeclampsia is associated with
the two-stage model of the placenta. Extravillous cyto-
trophoblast invasion (EVT) of the uterine spiral arteries is
limited to the superficial decidua and does not reach the
myometrium, which is believed to lead to shallow im-
plantation and hypoperfusion of the placenta during the first
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stage of pregnancy. In the second and third trimesters,
hypoperfusion of the placenta results in placental hypoxia
and ischaemia, and the maternal-foetal interface is subjected
to relatively strong oxidative stress. Subsequently, cytokines
and cell debris are secreted into the circulation of the ma-
ternal blood system by the placenta, eventually leading to
maternal preeclamptic symptoms and injuries to other
important organs [21–25].

Although researchers have investigated the use of
metformin during pregnancy, the precise role of metformin
in the placenta of preeclampsia remains unknown. More-
over, it has been demonstrated that insulin resistance to-
gether with adipocyte dysfunction might be involved in the
pathophysiology of preeclampsia in obese women [26–28].
A literature search revealed a study in which high-fat-diet-
fed pregnant mice exhibited significantly worse glucose
tolerance and insulin sensitivity than control diet-fed
pregnant mice, as shown by their elevated blood glucose
levels, fasting serum insulin levels, and HOMA-IR, which
were also increased in the HF group compared with the
CTRL group; moreover, researchers have successfully fed
mice a high-fat diet to induce preeclampsia [29–31].

Increasing attention has been paid to the application of
metformin during pregnancy, and many studies have been
carried out; however, to our knowledge, there is no study on
the effect of metformin on the placenta during preeclampsia.
,e mechanism of metformin in reducing the incidence of
preeclampsia is still unclear. ,erefore, we employed a high-
fat-diet-induced mouse model of preeclampsia and ad-
ministered metformin to investigate the pregnancy out-
comes of preeclampsia and the histological changes in the
placenta during preeclampsia. We also examined the protein
levels of matrix metalloproteinase (MMP)-2 and vascular
endothelial growth factor (VEGF) to confirm the possible
mechanism of metformin in preeclampsia. We further ex-
plored the effect of metformin on preeclampsia and provide
evidence for the use of metformin during pregnancy.

2. Materials and Methods

2.1. Establishment of Animal Model. ,is study was ap-
proved by the Animal Ethics Committee of the Capital
Medical University Beijing Chao-Yang Hospital. Animals
were given humane care in accordance with the guide for the
care and use of experimental animals.,irty-eight female, 4-
week-old CD-1 mice were obtained from Weitong Lihua
Experimental Animal Technology Co., Ltd. (Beijing, China)
and randomly divided into the CTRL group (n� 13), which
was fed an isocaloric stock diet (energy ratio: 12% fat, 28%
protein and 60% carbohydrates), and the HF group (n� 25),
which was fed a high-fat diet (energy ratio: 62% fat, 18%
protein, 20% carbohydrates) purchased fromResearch Diets,
Inc. (New Brunswick, USA). All animals were housed in
groups of 4–6 mice per cage, under an ambient temperature
of 22–26°C, a relative humidity of 50–60%, and a 12 h-12 h
light-dark cycle and fed their respective diets (ad libitum).
After 6 weeks, the mice were weighed and mated. Females
were checked daily for postcopulatory plugs, and the
presence of a plug represented day 0.5 of pregnancy. ,e

twenty-five HF mice were randomly divided into 2 groups,
namely, the HF group and the HF-M group, starting at day
0.5 of pregnancy. Metformin was administered to the HF-M
group at a daily dose of 20mg/kg. Blood pressure was
measured via the tail-cuff method using a softron BP-98A
tail-cuff haemodynamometer (Softron, Tokyo, Japan) after
the behaviour and heart rate of the mice had stabilized. ,e
blood pressure is reported as the mean of at least three
measurements recorded during the same session that
exhibited <5% variation. Most blood pressure values were
within the required range once the mice had stabilized.
Urine samples were collected by the reflex voidingmethod at
day 18.5 of pregnancy; the urinary protein level was mea-
sured using a mouse albumin ELISA quantitation set (Bethyl
Corp USA); urinary creatinine was detected using mouse
urine creatinine detection kits (Cayman Corp USA),
according to the manufacturer’s instructions. All mice were
sacrificed by vertebral dislocation at day 18.5 of pregnancy.
,e foetal and placental weights were measured, and the
placentas were removed immediately. Part of the placenta
was immediately frozen and stored at − 80°C, and the other
part of the placenta was fixed in 10% formaldehyde.

2.2. Histological Analyses. ,e placental specimens were
dehydrated in a graded alcohol series and embedded in
paraffin. Sections were deparaffinized and stained with
haematoxylin-eosin (HE) for histological examination.
Twenty microscopic fields (400x) were examined using a
microscope (Olympus Corp, Japan).

2.3. Immunohistochemical Analysis. Paraffin sections of the
placenta were deparaffinized, rehydrated, and subjected to
antigen retrieval in 0.01M sodium citrate buffer (pH 6.0) in a
microwave oven. ,en, the sections were treated with 3%
hydrogen peroxide to block endogenous peroxidase activity.
,e placental sections were subsequently incubated with
primary polyclonal antibodies against laminin (Santa Cruz
Biotechnology, Santa Cruz, CA, USA), diluted 1 :100 and 1 :
50. After washing with tris-buffered saline (TBS), specific
secondary antibodies were applied, and then, the sections
were incubated with an avidin-biotin-peroxidase complex
according to the manufacturer’s instructions (ABC-perox-
idase kit, Vector Labs, Burlingame, CA, USA). Finally, the
sections were incubated in a solution of 0.05% 3–3′-dia-
minobenzidine tetrahydrochloride (Sigma Aldrich, St.
Louis, MO, USA) and 0.33% hydrogen peroxide. All sections
were counterstained with Harris haematoxylin, dehydrated
in a graded alcohol series and in xylene, and coverslipped.

2.4. Western Blotting. ,e proteins of the placentas were
extracted, and the protein concentration was determined
with the bicinchoninic acid protein quantification method.
,en, 30 μg of total protein was separated by SDS-PAGE and
electrotransferred onto nitrocellulose membranes (Milli-
pore, Bedford, MA, USA) using a semidry western blot
transfer system (Bio-Rad Laboratories, Inc., Hercules, CA,
USA). ,e membranes were incubated with primary rabbit
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anti-MMP-2 monoclonal antibody (1 :1,000 dilution), rabbit
anti-VEGF monoclonal antibody (1 :1,000 dilution)
(Abcam, Cambridge, MA, USA), and anti-GAPDH (loading
control, 1 : 3,000 dilution) at 4°C overnight. After washing
with PBST three times, the membranes were incubated with
secondary HRP-conjugated goat anti-rabbit antibody (1 :
10,000 dilution; Cell Signalling Technology, Inc.) for 2 h at
room temperature. Finally, the signals were developed with a
chemiluminescent ECL reagent (Millipore), and the mem-
brane was exposed to X-ray film.,e strips were analysed by
scanning using Image Lab software. ,e ratio of the protein
band density to the reference GAPDH band density was
determined as the relative expression level of the target
protein.

2.5. Statistical Analysis. Statistical analyses were performed
by two-way ANOVA for comparisons among the 3 pregnant
mouse groups, and unpaired t tests were used for com-
parisons between two groups. GraphPad Prism software,
version 4.0 (GraphPad Software, Inc., San Diego, CA, USA),
was used for data analysis and plotting. Data are presented as
the mean± SD. Values of P< 0.05 were considered to in-
dicate significant differences.

3. Results

3.1. Effects of Metformin on Maternal Symptoms of
Preeclampsia. ,e blood pressure and urinary protein levels
in the HF group were significantly elevated compared to
those in the CTRL and HF-M groups. ,e blood pressure in
the HF-M group began to decrease on the 12th day, com-
pared with that in the HF group; there was a significant
difference on days 12, 14, 16, and 18. Metformin improved
blood pressure and urinary protein levels in the HF-M group
(both P< 0.05) (Figure 1).

3.2. Subject Characteristics. ,e characteristics of the mice
are summarized in Table 1.

3.3. Effects of Metformin on Maternal, Foetal, and Placental
Weights. A significant difference in body weight before
pregnancy was observed between the model group and the
CTRL groupmice (P< 0.05). No significant differences in body
weight at day 18.5 of pregnancy were found among the three
groups (P> 0.05). ,e effect of metformin on the foetopla-
cental unit was also examined.,e foetal and placental weights
of the HF group were significantly lower than those of the
CTRL and HF-M groups (P< 0.05), but no significant dif-
ference in foetal weight was observed between the CTRL and
HF-M groups (P> 0.05). Metformin treatment enhanced the
placental and foetal weights of the HF group (P< 0.05). No
significant difference in the average litter size was observed
among the three groups (12.9± 0.4) (see Figure 2).

3.4. Analysis of the Placental Structure of the Pregnant Mice.
We analysed the tissue structure of the placentas. HE
staining of placental tissue sections showed that the overall

cross-sectional area of the placenta was obviously decreased
in the HF group but was improved after metformin treat-
ment, which is consistent with the decrease in placental
weight (Figure 3(a)). We also analysed the labyrinth and
sponge of the placenta. ,e labyrinth of the placenta in the
HF group was significantly smaller (Figure 3(b)). ,ere was
no significant difference in the sponge of the placenta
(Figure 3(c)). ,e ratio of the labyrinth to the sponge of the
placenta in the HF group was significantly smaller than that
in the CTRL group (Figure 3(d)). Furthermore, laminin
labelling of foetal blood vessels in the foetal vascular
branches of the HF group was significantly affected
(Figure 3(e)). ,e foetal blood vessels and the maternal
blood sinusoids in the labyrinth layer were marked
(Figure 3(e), red indicates foetal blood vessels, and blue
indicates the maternal sinusoids). Statistical analysis of the
foetal blood vessel area and maternal blood sinuses showed
that the maternal blood sinus area was not affected in HF
mice (Figure 3(f)) but that the foetal vascular area in the
labyrinth layer of the preeclamptic group was decreased to
15% of that in the CTRL group (Figure 3(g)).

3.5. Effect of Metformin on Placental Proteins. We further
analysed the expression of proteins in the placenta by
western blotting. Our results showed that the levels of VEGF
and MMP-2 were significantly decreased in the HF group
(P< 0.05). However, after metformin treatment, the levels of
VEGF and MMP-2 in the placentas of preeclamptic mice
were significantly increased (P< 0.05) (see Figure 4).

4. Discussion

Metformin can increase the insulin sensitivity. Studies have
indicated that insulin resistance is one of the causes of
preeclampsia [32]. Among studies in the literature, there is
no study on metformin in preeclampsia patients. In one in
vitro study on the prevention and treatment of preeclampsia
with metformin, trophoblasts and omental vessels, isolated
from the placentas of 23 pregnant women with severe
preeclampsia and 25 women with normal pregnancies, were
co-cultured with metformin, and researchers found that
metformin could significantly improve the dysfunction in
placental endothelial cells in preeclampsia, dilate and
ameliorate injured vessels, and promote angiogenesis
[17, 32].

Our study successfully established the signs of pre-
eclampsia, including hypertension and proteinuria, in
pregnant rats in the HF group.,is is similar to the methods
reported in the literature [29–31]. We also observed that the
foetal weights of the preeclamptic mice were significantly
lower than those of the CTRL mice, suggesting that foetal
development in the preeclamptic pregnant mice was obvi-
ously delayed. ,is finding is completely consistent with the
symptoms that we observed in patients with preeclampsia.
We also found that the embryonic weight in the HF-M group
increased significantly compared with that in the HF group.
,e weight of a new-born is an important biological pa-
rameter and reflects the growth and nutritional status of the
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foetus in utero. ,is suggests that metformin can signifi-
cantly improve foetal development in preeclamptic pregnant
mice.

It is well known that the majority of foetuses from
preeclamptic patients show intrauterine growth restriction,
and preeclampsia originates from abnormal placental de-
velopment. Now, people are convinced that the placenta
plays a crucial, causative role in the potential mechanism of
preeclampsia.,erefore, it is now clear that preeclampsia is a
placental disease. We also found that the placental weight of
the HF group was significantly lower than that of the CTRL
group, and the placentas of preeclamptic pregnant mice
appeared retarded. ,e placental weight of the HF-M group
dramatically increased. Nutrients are exchanged in the

labyrinth of the mouse placenta, and the maternal-foetal
barrier includes two layers of syncytiotrophoblasts and foetal
vascular endothelial cells.

,erefore, we analysed the placental structures of the
three groups. Our results show that the area of the labyrinth
and the area of the foetal blood vessels in the placenta of the
HF group were significantly reduced compared with those of
the normal CTRL group, but those of the HF-M group in-
creased significantly compared with those in the HF group.
,ese results suggest that metformin can improve the de-
velopment of the labyrinth, the foetal blood vessels, and the
shallow implantation of the placentas of preeclamptic mice.

It is important that further efforts be made to study the
possible mechanism of metformin in preeclampsia. ,erefore,

140

130

120

110

100

90

80
0.5 2 4 6 8 10 12 14 16 18

Day

SB
P 

(m
m

H
g)

∗

∗

HF-M
HF
CTRL

(a)

0.5 2 4 6 8 10 12 14 16 18
Day

90

80

70

60

50

D
BP

 (m
m

H
g)

∗

∗

HF-M
HF
CTRL

(b)

100

90

80

70

60
0.5 2 4 6 8 10 12 14 16 18

Day

M
BP

 (m
m

H
g)

∗

∗

HF-M
HF
CTRL

(c)

CTRL HF HF + M

40

30

20

10

0

A
lb

um
in

/c
re

at
in

e r
at

io

∗

∗ ∗

(d)

Figure 1: Effects of treatment with metformin on maternal signs of preeclampsia. (a) Systolic blood pressure. (b) Diastolic blood pressure.
(c) Mean arterial blood pressure. (d) Urinary protein. ,e results are presented in mean± SD. ∗P< 0.05.

Table 1: Characteristics of the mice.

Characteristics CTRL (n� 13) HF (n� 13) HF-M (n� 12)
Body weight before pregnancy (g) 29.38± 1.44 32.92± 2.50 32.50± 2.24
Body weight before delivery (g) 56.08± 4.29 56.30± 4.33 55.08± 3.53
Litter size of each group 174 175 164
Foetal weight (g) 1.06± 0.19 0.95± 0.17 1.02± 0.16
Placental weight (g) 0.11± 0.02 0.09± 0.01 0.10± 0.02
Data indicate the mean± SD.
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Figure 2: ,e weights of (a) the pregnant mice, (b) the placenta, and (c) the foetus at day 18.5 of pregnancy. Data are expressed as the
mean± SD. ∗P< 0.05 between two groups.
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Figure 3: Continued.
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Figure 3: Analysis of placental structure. (a) Placental HE staining results of the three groups. ,e magnification is 20x in the upper panels.
(b–d) Bar charts show the labyrinth and sponge of the placenta. (e) An immunohistochemical analysis of laminin in the placenta. ,e
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group. Data are expressed as the mean± SD. ∗P< 0.05 between two groups.
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we examined the protein levels of the cytokines VEGF and
MMP-2, which have been shown to be closely related to the
development of the placenta in preeclampsia, in the placental
tissues ofmice bywestern blotting [33–36].MMP-2, also known
as gelatinase A, is the most common MMP and is thought to
play important roles in trophoblast invasion.

VEGF, which is indispensable for normal pregnancy, is
the most important growth factor in promoting angiogen-
esis. First, VEGF participates in angiogenesis and placental
vascular recasting. Second, VEGF plays an important role in
regulating the infiltration, proliferation, and differentiation
of trophoblast cells [35, 36].

We observed that the expression of VEGF and MMP-2 in
the HF group was significantly decreased compared to that in
the CTRL group but that the expression levels of VEGF and
MMP-2 in the HF-M group were significantly enhanced
compared to those in the HF group. ,erefore, we speculated
that metformin might promote the expression of the VEGF
and MMP-2 proteins, further improve shallow placental
implantation in preeclamptic mice, and eventually ameliorate
the maternal and foetal outcomes of preeclamptic mice.

Our research suggests that metformin plays an impor-
tant role in the regulation of placental implantation in
preeclampsia. ,ese results will provide important in-
formation on the prediction and treatment of preeclampsia.

5. Conclusion

Metformin can significantly improve placental development
in preeclamptic mice, thereby improving the related
symptoms of preeclampsia and maternal and foetal out-
comes, including hypertension, proteinuria, and foetal birth
weight.
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